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SUM M ARY
P rio r to  th is  w o rk , the com ple te  sequence o f Xenopus laev is  IBS ribosom al 
D N A  was known (Salim  and M aden, 1981). L im ite d  sequence data on Xenopus 
borea lis  inc luded a fe w  hundred nucleo tides covering  the 5 ' and ?' ends o f  the  gene 
(Furlong  and Maden, 1983). I have com ple ted  the IBS ribosom al D N A  sequence fo r  
Xenopus borea lis  fro m  clone p X b r lO l.  As a re su lt o f th is  w ork , Xenopus laev is  18S 
ribosom al D N A  has been found to  con ta in  an e x tra  nuc leo tide  w h ich  was fo rm e r ly  
undetected  in  M a xa m -G ilb e rt sequencing gels. The presence o f th is  e x tra  
nuc leo tide  was f i r s t  dem onstra ted in  Xenopus borea lis  by re s tr ic t io n  analysis, and 
then in  both species by dideoxy chain te rm in a to r  sequencing. The Xenopus borea lis  
sequence d if fe rs  a t on ly tw o  po in ts  fro m  the Xenopus laev is  sequence. B o th  o f 
these d iffe re n ces  occur as a re s u lt o f a base s u b s titu tio n . B o th  occur in  reg ions o f 
the sequence w hich  are va riab le  in  com parisons betw een m ore d is ta n tly  re la ted  
species. The tw o  d iffe re n ces  are re a d ily  accom m odated in  the  secondary s tru c tu re  
m odel fo r  Xenopus laev is  IBS ribosom al R N A  (A tm a d ja  e t aL , 1984).
The tw o  s ites  o f d iffe re n ce  betw een Xenopus laevis and Xenopus b o rea lis  IBS 
ribosom al D N A  were checked in  a range o f clones fro m  both species. These clones 
conta ined both a m p lifed  and chrom osom al D N A . The d iffe rences  w ere  seen to  be 
f ix e d  w ith in  each species. T here fo re , the re  is no in traspec ies h e te ro ge n e ity  in 
Xenopus laev is  or Xenopus borea lis  around the  tw o  po in ts o f d iffe re n c e . Th is 
com plem ents the  e a r lie r  find ings o f  Maden e t a l., (1982a), th a t  Xenopus laev is  IBS 
gene regions are homogeneous. This is in  d ire c t co n tra s t to  previous data, fo r  the  
transcribed  spacers, w h ich  show in traspec ies he te rogene ity  and extens ive  
in terspec ies d ivergence. (S tew a rt e t a l., 1983, F u rlong  and Maden, 1983; F urlong  
e t a l., 1983).
I have also sequenced the com p le te  IBS gene fro m  human. The human 
sequence d if fe rs  fro m  the  Xenopus borea lis  sequence a t 123 positions (cons is ting  o f 
44 inse rtions  and 79 base subs titu tions). A ga in , these d iffe re n ces  are in  reg ions o f
r x iv -
the  sequence known to  be p hy log e ne tica lly  va riab le . C om parison o f  the  human IBS 
sequence w ith  o the r m am m alian  data reveals fe w e r d iffe rences.
I have exam ined tw o  models o f IBS ribosom al R N A  secondary s tru c tu re  
(Xenopus laevis. A t m a d ja ^  a l., (1984) and ra t,  Chan e t 1984) .  The tw o  models 
d if fe r  fro m  each o th e r in  some regions. I have a tte m p ted  to  show (w here  possible) 
w h ich  a rrangem ent is l ik e ly  to  be m ore  c o rre c t. I  have t r ie d  th e re fo re  to  in d ica te  
the  s tru c tu re  o f  a m odel w h ich  can accom m odate both species and so is h ope fu lly  
m ore re p re sen ta tive  o f a consensus m odel fo r  euka ryo tic  IBS ribosom al R N A .
C H APTER  1
IN TR O D U C TIO N
Ribosomes are the organelles o f p ro te in  synthesis. They are cy top lasm ic  
s tru c tu re s  consisting  o f R N A  m olecules and p ro te ins. The R N A  com ponents o f 
these s tru c tu re s  c o n s titu te  betw een 80-90%  o f the to ta l R N A  in  th e  e u ka ryo tic  c e ll 
and thus com prise the m a jo r p roducts  o f tra n s c r ip tio n .
M uch study has been devoted to  ribosom al R N A  and to  th e  gene tic  m a te r ia l 
th a t encodes th is  R N A . Four ribosom al R N A  species occur in  a ll eukaryotes 
designated IBS, 5.8S, 283 and 5S fro m  th e ir  app rox im ate  sed im en ta tion  
c o e ff ic ie n ts . P ro k a ry o tic  ribosom es con ta in  16S, 23S and 5S, bu t la ck  5.85 rR N A  
as a separate R N A  species.
In  eukaryotes, the genes coding fo r  188, 5.8S and 288 rR N A  are lo ca te d  and 
transcribed  tog e the r and are com m only re fe rre d  to  as ribosom al D N A  o r rD N A . 58 
rR N A  genes are re fe rre d  to  as 58 D N A  and are separa te  fro m  rD N A  in  m ost 
eukaryotes.
R ecent stud ies have cu lm ina ted  in  d ire c t nuc leo tide  sequence data  on rD N A  
and rR N A  fro m  a w ide range o f organism s. C om para tive  analysis and secondary 
s tru c tu re  models are beginning to  g ive  us an in s ig h t in to  w h ich  regions o f rR N A  are 
conserved and so m ost l ik e ly  to  be necessary fo r  p roper fu n c tio n in g  o f the m a ture  
ribosom e. The w o rk  described in  th is  thesis concerns the  nuc leo tide  sequence 
analysis o f the D N A th a t encodes 188 rR N A  in  tw o  species o f ve rte b ra te s . The 
m ain p a rt o f  th is  In tro d u c tio n  describes the background w h ich  preceded and led  to  
the present studies.
1.1 S truc tu re  o f  R ibosom al D N A
E u ka ryo tic  rD N A  consists o f repeated un its  w ith  the  188, 5.88 and 288 genes
2BS NTS ETS IBS
ITSl  ITS 2
2 8 s
F igure  1.1 General s tru c tu re  o f ribosom al D N A repeat
A  tra n s c r ip tio n  u n it com prises a ll o f the  above minus the  NTS.
NTS -  non -transcribed  spacer
ETS -  e x te rn a l transcribed  spacer
ITS 1, ITS 2 , -  in te rn a l transcribed  spacers 1 and 2
arranged consecu tive ly  in  the genome in  the d ire c tio n  5 ' ------- > 3 '. These gene
reg ions, along w ith  th ree  spacer regions, ex te rn a l transcribed  spacer (ETS), in te rn a l 
transcribed  spacer 1 (ITS 1) and in te rn a l transcribed  spacer 2 (ITS 2) are 
c o lle c t iv e ly  te rm ed  a tra n s c r ip tio n  u n it. Tandem ly repeated tra n s c r ip tio n  u n its  are 
separated by so -ca lled  non-transcribed  spacer regions (NTS). The genera l s tru c tu re  
is shown in  F igu re  1.1.
These tandem ly  repeated u n its  are arranged head to  ta i l  a t a s ing le  o r several 
chrom osom al loca tions  te rm ed  nuc leo la r organisers, a nuc leo la r o rgan iser being the  
te rm  used to  describe one c lu s te r o f rR N A  genes. In  Xenopus la ev is , th e re  is one 
nuc leo la r o rganiser per hap lo id  genome fo r  rD N A  (Perdue, 1973) and severa l D N A  
c lus te rs  fo r  5S D N A  (Pardue e t a l., 1973). In  co n tra s t, when considering  human 
ribosom al genes, the  arrangem ent is reversed. rD N A  is arranged as tandem ly  
repeated un its  in  the nuc leo la r organiser regions o f  the  f iv e  chrom osom e pa irs  Nos. 
13, 14, 15, 21 and 22. (Henderson, a t a l., 1972), whereas 55 R N A  genes are only 
present in  one tandem  a rray  loca lised  on chrom osom e N o. K S te ffe n sen  and D u ffe y , 
1974).
The s tru c tu re  o f rD N A  shown in  F igu re  1.1 is the  a rrangem ent th a t  has m ost 
gene ra lly  been found in eukaryotes. H ow ever, m a jo r va ria tio n s  occur in  low e r 
eukaryotes, in c lud ing  Saccharomyces (R ubin and Sulston, 1973; Valenzuela  e t 
1977), D ic ty o s te liu m  (M aize ls, 1976) and D rosoph ila  (Jordan, 1975; Jo rdan  e t a l., 
1976; G lover and Hogness, 1977; Pavlakis e t a l., 1979). In  yeast and D ic ty o s te liu m , 
the  repea ting  u n it also conta ins 5 S D N A , In  D rosoph ila , bo th  the  5.85 and 285 gene 
sequences are In te rru p ted  by the presence_of add itio n a l transcribed  spacers; the re  
is also an in te rven in g  sequence in  some 28S genes.
rD N A  un its  dem onstra te  va ria tio n  betw een species in  bo th  th e ir  o v e ra ll s ize 
and num ber. The leng th  o f a tra n s c r ip tio n  u n it is rev iew ed by L ew in  (1980). In  
many eukaryo tes, th is  u n it is app rox im a te ly  8  kllobases (kb) in  le n g th , whereas in  
m am m als such as man, i t  is 13 kb long. The d iffe re n c e  re f le c ts  m a in ly  an increase
in  s ize o f the  tra nsc rib ed  spacers. H ow ever, the re  is also some va ria tio n  in  the 
size o f th e  285 gene (Loen ing, 1966; S ch ib le r e t 1975). There  are also m arked 
d iffe re n ce s  in  the  s ize  o f a com p le te  rD N A  re p ea t. Mouse, man and c a lf  have to ta l 
rD N A  repea t lengths o f betw een 30-45 kb (A rnhe im  and Southern, 1977; W e llauer 
and D aw id , 1979; M e u n ie r-R o tiva l e t 1979). In  co n tra s t, Xenopus has a 
com p le te  re p e a t leng th  o f a pp rox im a te ly  h a lf th is  s ize  ( l l - 1 5 k b ) .  These la rge  
d iffe re n ces  a re  due to  v a r ia tio n  in  s ize  o f th e  NTS. The num ber o f copies o f rD N A  
u n its  va ries  betw een species. D ic ty o s te liu m  discoldeum  has around 200 copies per 
hap lo id  genome and Xenopus has around 500 copies (R eview ed by Long and D aw id , 
1980). A t  p resent, th e re  is d isagreem ent over human rD N A  gene dosage w ith  
e s tim a tes  ranging fro m  50-220 copies per hap lo id  genome (R eview ed by W ilson, 
1982).
1.2 T ra n sc rip tio n  o f  D N A  to  R N A
In eukaryotes, each rR N A  tra n s c r ip tio n  u n it is tra nsc rib ed  as one long 
p recursor m o lecu le  w h ich  is subsequently processed to  re lease th e  m a tu re  rR N A . 
The existence o f p re -rR N A  was f i r s t  dem onstra ted  by pulse la b e llin g  o f  L -c e ils  and 
HeLa ce lls  (P e rry , 1962; Scherrer and D a rn e ll, 1962). L ab e l was in it ia l ly  
in co rpo ra ted  In to  a 45S m olecu le  w h ich  was shown to  co n ta in  th e  la rge  and sm a ll 
rR N A 's. Subsequently, in d ire c t evidence suggested th e  presence in  p re -rR N A  o f 
sequences th a t are not conserved in  ribosom e m a tu ra tio n . Base com pos ition  
studies showed th a t the  precursor m o lecu le  has a h igher G + C  c o n te n t than  th e  
m a ture  IBS and 288 m olecules suggesting th a t  the  "e x tra "  D N A  is  r ic h  in  G + C  
(W illem s e t a l., 1968; A m a ld i and A t ta rd i,  1968). These e x tra  sequences a re  now 
ca lled  transcribed  spacers and correspond to  the s im ila r ly  designated reg ions o f 
rD N A  as o u tlin e d  above.
The lo ca tio n  o f these non-ribosom al sequences was f i r s t  observed by e le c tro n  
m icroscop ic  studies. Com parison o f the  secondary s tru c tu re  maps o f th e  45S 
precursor m olecule, in te rm e d ia te  m olecules and the m a ture  185 and 285 rR N A 's
(a)
(b )
H e L a  45Si
18S 5-8 S
T Î Î
2 3 4
2 8s
1
32S
2 8 S - B - 8 S
L -c e lls  45S — > 41S — > 18S + 36S — > 32S — > 28S -  5.8S 
Xenopus 40S — > 38S — > 18S + 34S — > 305 — > 285 -  5.85
F igu re  1.2 Processing pathways fo r  ribosom al RNA
(a) shows the positions o f  the cleavage sites on a ty p ic a l precursor.
(b) shows the cleavage pa tte rns  o f th ree  d if fe re n t species.
dem onstra ted  the presence o f transcribed  spacer regions, a lthough the p o la r ity  o f 
tra n s c r ip tio n  was w rong ly defined (W ellauer and D aw id , 1973). H ow ever, 
conclus ive  evidence based on sequence data now shows the a rrangem ent to  be 185 
 > 285 in  the d ire c tio n  5 ' ----- -— > 3' along the  p rim a ry  tra n sc r ip t.
5 tud ies by Speirs and B irn s tie l (1974) suggested th a t 5.85 rR N A  was lo ca te d  
in  the  spacer reg ion between 185 and 285 rR N A . R ecent D N A sequence analysis 
has shown th is  to  be the case (H a ll and Maden, 1980).
1.3 Processing o f  the P rim a ry  T ra n sc rip t
P rocessing o f the  p rim a ry  tra n s c r ip t invo lves events o f tw o  kinds. One is the 
m o d if ic a tio n  o f nuc leo tides. The m ain types o f m o d if ic a tio n  are conversion o f 
u rid ine  to  pseudourid ine o r m é th y la tio n  e ith e r o f the  ribose o r o f the nuc leo tide  
base. M ost o f these m o d ifica tio n s  occur on the  in ta c t  p recursor m o lecu le . The 
second processing even t is the  e lim in a tio n  o f th e  transcribed  spacers to  g ive  r is e  to  
the  th ree  m a ture  rR N A  species.
F o r convenience, I w il l  consider these processing events in  reverse o rde r. A  
re v ie w  is g iven by P e rry  (1976).
1 .3 .a. C leavage
M ost processing pathways can be described in  te rm s o f fo u r p r in c ip le  events 
in vo lv ing  cleavages a t o r near s ites 1 to  4 in  F igu re  1.2.a. M any research groups 
have exam ined th is  processing sequence in  ce lls  fro m  various organism s in c lu d ing  
HeLa ce lls  (Penman, 1966; W einberg and Penman, 1970; Maden ^  ^ . ,  1972; 
W ellauer and D aw id , 1973), mouse L  ce lls  (W ellauer e t ^ . ,  1974a) and Xenopus 
laev is  (W ellauer and Daw id, 1974). The o rde r o f cleavage fo r  these th re e  organism s 
is shown in  F igu re  1.2.b.
In  general, the processing o f the p rim a ry  tra n s c r ip t procédés stepw ise  along 
the m o lecu le  ra th e r than by random ly tim e d  a tta c k  on a ll c leavage s ites. H ow ever,
the re  does appear to  be some degree o f f le x ib i l i t y  in  the  processing events. F o r 
exam ple, the stud ies o f W einberg and Penman, (1970) and W e llauer and Daw id, 
(1973), a lthough agreeing w ith  the pathw ay fo r  H eLa rR N A  m a tu ra tio n  shown in  
F igu re  1 .2 .b., id e n tif ie d  o th e r in te rm e d ia te s  in  low  abundance w h ich  cou ld  n o t be 
f i t t e d  in to  the  general pathway.
1.3.b. N uc le o tid e  m o d ific a tio n
As Ind ica ted  e a r lie r, tw o  m a jo r ca tegories o f nuc leo tide  m o d if ic a tio n  occur. 
A bou t one hundred u rid ines  are conve rted  to  pseudourid ines in  the  rR N A  sequences 
o f several ve rteb ra tes  w h ich  have been exam ined. This m o d if ic a tio n  occurs w ith in  
the p recursor m o lecu le  and lo ca tion s  rem a in  to  be established a lthough  th e re  are 
some d e ta ils  o f the tim in g .
M é thy la tio n s  also take  p lace on the  p recursor m olecu le  during  o r im m e d ia te ly  
a f te r  tra n s c r ip tio n , bu t are con fined  to  reg ions o f  the  tra n s c r ip t th a t  a re  processed 
to  m a tu re  rR N A  species (G reenberg and Penman, 1966). R e la t iv e ly  abundant rR N A  
m é th y la tio n  appears to  be a common fe a tu re  o f eukaryotes. H ow ever, th e  num ber 
o f  R N A m e thy l groups per ribosom e has been found to  va ry  fro m  70 in  yeast to  
ove r 100 in  ve rteb ra tes  (K lo o tw ijk  and P lan ta , 1973; M aden and S a lim , 1974; Khan 
e t a l., 1978).
M ore re ce n t stud ies have estab lished th e  d is tr ib u tio n  o f m e th y l groups a long 
Xenopus laev is  rR N A  (Maden and Reeder, 1979; B rand and G erb i, 1979; Maden, 
1980; Salim  and Maden, 1981). M é th y la tio n  p a tte rn s  are d is t in c t ly  d if fe re n t  in  the  
18S and 28S rR N A , but both show non-random  d is tr ib u tio n . In  185 rR N A , m ore 
than h a lf the ribose m é thy la tions  are co ncen tra ted  in  the 5' end o f  the  m o lecu le , 
whereas base m é thy la tio n s  are c lus te red  near the  3' end. D is tr ib u t io n  is q u ite  
d if fe re n t  in  the 285 m olecule. The 5' end is re la t iv e ly  fre e  o f  m e th y l groups, the 
ce n tra l reg ion  has patches o f m é th y la tio n , bu t the h ighest co n ce n tra tio n  is fou n d  in 
a 1,100 nuc leo tide  s tre tc h , a fe w  hundred nuc leo tides fro m  th e  3' end.
C om para tive  analyses have dem onstra ted  a high degree o f conse rva tion  o f
m é th y la tio n  p a tte rn s  over a range o f ve rteb ra tes . "F in g e rp r in t"  analysis o f  Khan 
e t (1978) shows th is  to  be the case fo r  X . laevis, ch ick , mouse, ham ster and 
human. Even between the tw o  m ost d is ta n tly  re la te d  species (man and Xenopus) 
the re  is 95% hom ology. B rand and G erbi, (1979) showed th a t the  d is tr ib u tio n  o f 
m e th y l groups in  the 28S rR N A  co rre la te s  w ith  the lo ca tio n  o f  h igh ly  conserved 
sequences w ith in  th is  R N A species over an even broader range o f eukaryotes.
1.4 D e ta ile d  S tudy o f  R ibosom al D N A  S tru c tu re  by P hys ica l and C hem ica l
M ethods
1.4.a. Xenopus laevis
M uch o f our in it ia l know ledge o f rD N A  s tru c tu re  has com e fro m  extensive  
stud ies on Xenopus laev is  since th is  an im a l has rD N A  w h ich  can be p hys ica lly  
p u r if ie d . The f i r s t  w o rk  to  ch a rac te rise  the  arrangem ent o f genes coding fo r  rR N A  
took advantage o f the  fa c t  th a t the  rD N A  o f X .lae v ls  has a h ighe r G + C  co n te n t 
than  the  average fo r  genom ic D N A , A f te r  fra g m e n tin g  the  chrom osom al D N A , an 
rD N A  fra c t io n  was iso la ted  d ire c t ly  as a s a te ll ite  o f d is t in c t buoyant density  
(B row n and Weber, 1968a,b). R N A -D N A  h yb rid isa tio n  techniques supported the 
idea th a t the  19S and 28S genes a lte rn a te , bu t are in terspersed w ith  D N A  w h ich  is 
no t homologous to  e ith e r  gene. This arrangem ent was fu r th e r  supported by 
B irn s tie l e t a l. (1969). R ena tu ra tion  k in e tic s  de te rm ined  th a t the  a rrangem ent o f 
rD N A  shows a h igh ly  re ite ra te d  base sequence.
In  Xenopus. the  ribosom al genes are a m p lif ie d  during oogenesis, (increas ing  
the  am ount o f  rD N A  g re a tly  over the  chrom osom al le ve l),th e re b y  p ro v id ing  fo r  the 
increased needs o f the  ve ry  la rge  oocyte  ce lls  fo r  ribosom es. Th is a m p lif ie d  rD N A  
rem ains extrachrom osom al. Its  buoyant dens ity  d if fe rs  s lig h t ly  fro m  th a t o f 
chrom osom al rD N A  since i t  lacks m é th y la tio n  on the  5 pos ition  o f  cy tos ine  
residues (D aw id, e t a l. 1970). C om para tive  analysis showed no d iffe re n c e  in  base 
com position  between the  tw o  classes. Both con ta in  67% G + C. B o th  classes 
dem onstra ted b iphasic m e ltin g  cu rves,suggesting  th a t tw o regions o f the  D N A
d if fe r  m arked ly  in  th e ir  base com position .
W ellauer e t a l (1974b) began a m ore de ta ile d  analysis o f  the  s tru c tu re  o f the 
ribosom al repea ting  u n it. A m p lif ie d  rD N A  was cu t w ith  re s tr ic t io n  endonuclease 
EcoR I. Using e le c tro n  m icroscop ic  techniques, the  secondary s tru c tu re  maps o f 
these s ing le-stranded EcoR I fragm en ts  were com pared w ith  those o f X . laev is  
rR N A  and uncu t rD N A . EcoR I re s tr ic t io n  generated tw o  classes o f fra gm en ts , one 
con ta in ing  90% o f  th e  265 gene and w ith  a m o le cu la r w e ig h t o f 3 x 1 0 6  and ano the r 
con ta in ing  80% o f the  185 gene and a ll o f the NTS w ith  m o lecu la r w e igh ts  rang ing 
fro m  4.0 - 5 . 9  x 10&. Thus i t  was found th a t the NTS displays leng th  h e te ro ge n e ity .
The m o lecu la r basis o f th is  leng th  he te rogene ity  was e luc ida ted  in  severa l 
stages. W ellauer e t ^  (1976a) com pared fo u r spacer-con ta in ing  E coR I fragm en ts  
by o p tica l m e ltin g  and by hom oduplex and hete rodup lex m apping. The NTS was 
shown to  be made up o f an in te rn a lly  repeated sim ple  sequence. A na lys is  o f the  
a rrangem ent o f leng th  he te rogene ity  w ith in  the repea ting  u n it  o f  rD N A  h ig h lig h te d  
a d iffe re n ce  between chrom osom al and a m p lif ie d  rD N A  no t d e te c ted  in  e a r lie r  
s tud ies (W ellauer e t  a l., 1976b). S ing le -s trand  rD N A  fro m  separa te  p repa ra tions o f 
a m p lif ie d  and chrom osom al rD N A  were each annealed w ith  a homogeneous c loned 
spacer-con ta in ing  E coR I fra g m e n t and the  re su lting  s tru c tu re s  v iew ed by e le c tro n  
m icroscopy. The arrangem ent o f leng th  he te ro ge n e ity  was found to  be ve ry  
d if fe re n t in  the tw o  classes o f rD N A . Between 50-70%  o f ad jacen t repeats in  a 
g iven m olecu le  o f chrom osom al rD N A  d if fe r  in  leng th , whereas a m p lif ie d  rD N A  
_rep_e_ats_show_much_less-variation.— 8 ird -(1 9 7 7 )- lo o k e d " 'a t“ th is"^henom enon~by~
analysing a m p lifie d  rD N A  fro m  in d iv idua l oocytes and showed th a t each oocyte  
a m p lifie s  on iy a sm all num ber (usually one) o f the repeats p resen t ch rom osom a lly .
Botchan e t a l (1977) stud ied  the  d is tr ib u tio n  o f severa l re s tr ic t io n  s ite s  w ith in  
the  N TS ,thus extending th e  e a r lie r  stud ies o f W e llauer e t ^  (1976a,b) by show ing 
th a t th e  NTS conta ins a re s tr ic t io n  map c h a ra c te r is t ic  o f h igh ly  repeated  
sequences, w ith  a h igher o rde r repea ting  p a tte rn  being superim posed on sho rt 
repea ting  sequences.
Studies o f the NTS cu lm ina ted  in the d ire c t analysis o f the  nuc leo tide  
sequence (Boseley e t a l., 1979; Moss and B irn s tie l, 1979; Moss e t a l., 1980). In 
re ce n t years, o th e r regions o f the repea ting  un ît o f X . laev ls  rD N A  have been 
sequenced (Salim  and Maden, 1980; H a ll and Maden, 1980; S alim  and Maden, 1981; 
Maden e t al 1982b; Ware £ t  1983). Some o f these studies are described la te r .
l.A .b . Com parison betw een X . laev is  and X . borea lis
The studies ca rrie d  ou t on X . laev is  have g iven a w e ll docum ented p ic tu re  o f 
rD N A  s tru c tu re  and o f  the s tru c tu ra l v a r ia tio n  among repeats, b u t no Ind ica tio n  o f 
re la tionsh ips  between species o r the  e vo lu tion  o f such repeated sequences. E arly  
com parisons w ere  made between X . laev is  and X . borea lis  (w rong ly  named as X . 
m u lle r i in  some studies).
Cross hyb rid isa tio n  o f labe lled  rD N A  fro m  X . laev is  and X . borea lis 
re sp e c tive ly , w ith  rD N A  fro m  both species showed the  gene coding regions to  be 
v ir tu a lly  ind is tingu ishab le . In co n tra s t to  th is , cross h yb rid isa tio n  in vo lv ing  the 
NTS reg ion  showed ve ry  l i t t le  hyb rid isa tio n  (Brown e t a l, 1972).
F o rshe it e t. a l., (1974) analysed the genes and spacers in  the  tw o  species by 
hete rodup lex mapping and v isua lisa tion  o f  R N A -D N A  hybrids. These s tud ies again 
showed p e r fe c t duplex fo rm a tio n  corresponding to  the  presumed IBS and 288 gene 
regions. These duplex regions w ere  separated by a s ing le  loop corresponding to  the  
ITS. Each tra n s c r ip tio n  u n it was separated fro m  the  next by a la rge  reg ion  o f 
,partia l_hom ology.correspond ing-to  th e  NTS:--------------------------------------------------------
W ellauer and Reeder (1975) com pared a m p lifie d  rD N A  fro m  the  tw o  species 
by looking  a t th e ir  secondary s tru c tu re  maps, revealed by e le c tro n  m icroscopy. 
Gene regions showed id e n tica l s tru c tu re s  between the  tw o  species, w h ile  p a tte rn s  
in  the  NTS d if fe re d . R e s tr ic t io n  analysis o f X . borea lis  rD N A  w ith  E coR I also gave 
rise  to  tw o  fragm en ts , one homogeneous in  leng th  and the o th e r heterogeneous in  
size due to  leng th  v a r ia b il ity  in the  NTS reg ion.
T here fo re , i t  appears th a t X . laevis and X . borea lis  have a lm o s t id e n tic a l
rR N A  coding regions, bu t d if fe r  q u ite  m arked ly  fro m  each o th e r in  both  th e ir  
transcribed  and non -transcribed  spacers.
I.4 .C . Com parisons among a v a r ie ty  o f species
Many com para tive  stud ies have been ca rrie d  ou t on a w ide range o f organism s 
and by a v a r ie ty  o f methods.
R N A  base com position
A m a ld i (1969) co lla te d  the resu lts  o f  various groups on the  base com position  
o f rD N A  among a w ide range o f  species, both  e u ka ryo tic  and p ro k a ry o tic . The base 
com position  o f rR N A  com ponents 165-185 and 23S-28S is q u ite  va ria b le  among 
d if fe re n t organisms. In  m ost cases, th e  tw o  rR N A  com ponents are s ig n if ic a n tly  
d if fe re n t fro m  each o the r. In  add ition , the  base com position  shows an e vo lu tio n a ry  
p a tte rn . In  general, ve rteb ra tes  tend  to  have a h igher G+C co n te n t than 
in ve rteb ra tes , o th e r eukaryotes o r p rokaryotes. F o r exam ple, E. c o li has a G+C 
co n te n t o f app ro x im a te ly  50%, Xenopus has betw een 55-60%  and H eLa  ce lls  show a 
G+C con ten t o f app ro x im a te ly  60-65%.
R N A tP N A  hybrid isa tion
S in c la ir  and B rown (1971) hybrid ised  ^H rR N A  fro m  X. laev is  w ith  D N A  fro m  
ove r 50 organisms inc lud ing  p roka ryo tes  and eukaryo tes. The re su ltin g
-h yb rid isa tio n “ p ro file s  were analysed! I t  was apparent fro m  these resu lts  th a t X . 
laev is  shows extensive  hom ology w ith  eukaryotes as d is ta n tly  re la te d  as p lan ts  and 
fung i. No m easureable hom ology was de tec ted  between X . laev is  rR N A  and the  
D N A  fro m  prokaryotes.
The im p o rta n t conclusion fro m  these studies was th a t th e re  is some rR N A  
hom ology among a ll eukaryotes despite considerable  d iffe re n ces  in  to ta l rD N A  
(inc lud ing  NTS and o th e r spacer regions).
R N A :D N A  hyb rid isa tio n  -  f in e r  de ta ils
G erb i (1976) w ent on to  look  in  m ore d e ta il a t the  conserva tion  o f homologous 
regions w ith in  rR N A 's  o f eukaryotes. M o le cu la r hyb rid isa tio n  stud ies w ere  c a rrie d  
ou t w ith  rR N A 's  fro m  a u n ic e llu la r organism , th ree  in ve rteb ra tes , an am phib ian (X . 
laev is) and a m am m al (mouse), hybrid ised  to  hetero logous rD N A . R esu lts  
de te rm ined  fo r  the  f i r s t  t im e  th a t c ross-hyb rid isa tion  is due to  conserved regions 
com m on to  a ll e u ka ryo tic  rR N A 's.
Course and Gerbi (1980) iooked c lose ly  a t the  lo ca tio n  o f these e v o lu tio n a r ily  
conserved regions w ith in  the  rR N A . R e s tr ic lto n  mapping, D N A -D N A  and R N A - 
R N A  hyb rid isa tio n  techniques were used to  lo ca te  conserved sequences. These 
stud ies led  to  the  d e te c tion  o f e vo lu tio n a ry  conserva tion  on ly in  gene coding 
regions. H ow ever, a fe a tu re  o f hyb rid isa tio n  stud ies is th a t  s tre tche s  o f  a t leas t 
2 0 bp are requ ired  to  g ive  a pos itive  re su lt, so any sh o rte r reg ion  o f conse rva tion  in  
the  spacers would not be de tec ted . Three regions inc lud ing  one near th e  3' end o f 
185 and tw o  near the  3' end o f 285 rR N A  are  conserved over g re a t e vo lu tio n a ry  
d istance, even between X . laev is  and E . c o li. Several regions w ith in  IBS and 285 
rR N A  show high conserva tion  betw een yeast and Xenopus, b u t o the rs  show l i t t le  
conservation.
T he re fo re , i t  appears th a t v a r ia tio n  in  the  s tru c tu re  o f rlbosom al genes can 
be a measure o f e vo lu tio n a ry  d is tance betw een a w ide range o f organism s. These 
re su lts  have led  to  specu la tion  as to  the  fu n c tio n  o f in d iv id ua l regions w ith in  rR N A  
w hich have,been-Conser-ved-durlnq-evoIution.------------- ------------------------------------------------------
l.A .d . S tudy o f rlbosom al D N A s tru c tu re  in  M am m als
In  re ce n t years, severa l groups have begun to  look  a t the  d e ta ile d  s tru c tu re  o f 
rD N A  fro m  m am m als. One disadvantage o f  the  e a r lie r  stud ies on X . la e v is  is th a t 
m ost analyses were ca rrie d  ou t on anim als co lle c te d  fro m  the w ild , m aking  i t  
d i f f ic u l t  to  d e te c t d iffe re n ces  in  rD N A  s tru c tu re  between ind iv idua ls  w ith  a known 
re la tionsh ip . H ow ever, the  study o f rD N A  fro m  m am m als such as ra t, mouse and 
human w il l  g ive  an in d ica tio n  o f s tru c tu ra l re la tionsh ips  between in d iv id u a ls  and to
changes occurîng  ove r severa l generations.
A rnhe im  and Southern, (1977) characte rised  the  rlbosom al genes o f m ice  and 
human by re s tr ic t io n  analysis w ith  E coR I and H ind  II I .  Ind iv idua l m ice  o r humans 
showed a heterogeneous p a tte rn  o f re s tr ic t io n  fragm en ts  re su ltin g  fro m  d iffe re n ces  
in  th e  non -transcribed  spacer D N A . Ind iv idu a l m ice  o f the  same s tra in  had 
id e n tic a l p a tte rns , b u t as the  re la tionsh ips  became m ore d is ta n t, v a r ia tio n  was seen 
in  the  re s tr ic t io n  patte rns.
A rnhe im  (1979) and G rum m t e t (1979) cha rac te rised  c loned EcoR I 
fragm en ts  o f mouse rD N A . D if fe re n t  clones va ried  in  the  s ize o f th e ir  NTS 
sequence, bu t a ll showed a homogenous transcribed  reg ion . Fuke e t ^  (1981) 
extended th is  study to  ra t  rD N A . A ga in  d if fe re n t clones dem onstra ted
he te rogene ity  in  the NTS regions. In  co n tra s t to  th is , re s tr ic t io n  s ites  in  th e  IBS 
reg ion were seen to  be conserved between ra t  and mouse.
D e ta ile d  s tudy o f human rD N A  is also in  progress. The m a jo r E coR I fra g m e n t 
o f human rR N A  genes was visua lised by Southern (1975), and subsequently 
characte rised  by the re s tr ic t io n  analysis o f A rn he im  and Southern (1977). W e llauer 
and D aw id  (1979) fu r th e r  analysed human rD N A  by re s tr ic t io n  analysis and e le c tro n  
m icroscopy. R -loop  m apping revea led  the  pos itions o f E coR I c leavage s ites . One 
type  o f repea ting  u n it conta ined  4 s ites, 2  in  the  gene coding regions and 2  in  the  
NTS, w h ile  ano the r type  o f  repea ting  u n it  lacked  one o f the  NTS s ites. The 
m a jo r ity  o f repeats were seen to  be u n ifo rm  In  leng th  w ith  on ly a fe w  exceptions. 
So the re  does appear to  be leng th  va ria tion_ ln_ the -hum an-N T S ,-bu t-it-appears-to -be -
d isc re te  ra th e r than  continuous as seen in  Xenopus.
Human rD N A  fragm en ts  have been successfu lly  c loned in to  bacte riophage  K . 
D N A fro m  a fe ta l lung c e ll lin e  enriched fo r  rD N A  was c loned in  >, phage ve c to r 
Charon 16A. O f 978 clones assayed w ith  labe lled  185 and 285 rR N A , 11 con ta ined  
a 3.8 X 1 Q6  da lton  fra g m e n t o f human 185 rD N A . Subsequent re s tr ic t io n  analysis 
dem onstra ted a v a ria tio n  on ly in  o r ie n ta tio n  (W ilson e t a l., 1978).
E rickson  e t ^  (1981) ca rrie d  ou t com para tive  analysis on c loned E coR I-A
fragm ents . This fra gm en t conta ins 0.2kb o f the 3 ' end o f 18S rD N A , 2 .5kb o f 
In te rn a l spacer and 5.8S gene and 4.5 kb o f 28S rD N A . Com parisons were made o f 
tw o  types o f tissue ( fe ta l human liv e r  a id  p lacen ta) fro m  th ree  ind iv idua ls . 
R e s tr ic t io n  enzyme d igestion  and e le c tro n  m icroscop ic  re su lts  gave id e n tic a l 
re su lts  fo r  a ll 6  c loned fra gm en ts . There w ere  no d iffe re n ces  in  e ith e r  the  gene 
reg ions or th e  in te rn a l transcribed  spacers. Th is  ind ica tes  a rem arkab le  m echanism  
o f conservation  o f these rD N A  species w ith in  and between ind iv idua ls .
T h e re fo re , recom b inan t D N A technology provides an a ccu ra te  m ethod  o f 
a m p lify in g  D N A sequences to  a llow  s tru c tu ra l analyses to  be undertaken.
1,5 D ire c t Sequence Ana lys is
In  re ce n t years, severa l groups have In it ia te d  stud ies to  de te rm ine  the 
s tru c tu re  o f the  rlbosom al repea ting  u n it a t the  le v e l o f th e  nuc leo tid e  sequence. 
By look ing  a t the nuc leo tide  sequence d ire c t ly , we are able  to  d e te c t the  
arrangem ents and o rgan isa tion  o f D N A  s tru c tu re  th a t g ive  rise  to  the  
c h a ra c te r is t ic  p a tte rn s  shown p rev ious ly  by physica l and chem ica l methods.
1 .5 .a. The N on -transcribed  spacer
I t  is  a w e ll established phenomenon th a t the non -transcribed  spacer conta ins 
regions o f h igh ly  repeated  sequences, w ith  h igher o rde r repea ting  e lem ents being
-superim posed“ on—thesB~shdrfer sequences. S tudy o f the  NTS o f X . laev is  has 
cu lm in a te d  in  the d ire c t analysis o f the  nuc leo tid e  sequence (Boseley e t ^ . ,  1979; 
Moss and B irn s t ie l,  1979; Moss ^  ^ . ,  1960). One fe a tu re  o f le n g th  h e te ro g e n e ity  is 
a va ry ing  num ber o f re co gn itio n  s ites  fo r  the  re s tr ic t io n  endonuclease Bam  H I.  
These "Bam  Islands" are c lose ly fo llo w ed  by m u lt ip le  A lu  I re co gn itio n  s ites. There 
is specu la tion  as to  a fu n c tio n  fo r  th is  re p e tit iv e  s tru c tu re  w ith in  the  NTS. The 
Bam Islands c lose ly  resem ble the reg ion  preceding the s ite  o f in it ia t io n  o f 
tra n s c r ip tio n  (Sollner-W ebb and Reeder, 1979), g iv ing  rise  to  the  suggestion th a t
the y  a c t as sinks fo r  R N A  polym erase 1 and thus serve to  concen tra te  polym erase, 
m olecules and enhance tra n s c r ip tio n  (Moss, 1983). This phenomenon m ay no t be 
unique to  X. laev is  as a s im ila r repea ting  s tru c tu re  has been dem onstra ted  in 
D rosoph ila  m elanoqaster and in  X. borea lis  and X . c l iv i i  (Coen and D over, 1982} 
Bach e t d . ,  1981).
l.S .b . Gene regions
A s o f ye t, ve ry  l i t t l e  is known as to  the  s tru c tu ra l and fu n c tio n a l ro le  o f 
rR N A  in  the  m a tu re  ribosom e. B y look ing  a t com para tive  sequence data we can 
begin  to  see parts  o f the  sequence th a t have rem ained constan t during long periods 
o f e vo lu tio n a ry  t im e  and are th e re fo re  lik e ly  to  be c r i t ic a l fo r  rlbosom al fu n c tio n .
Sm all subun it rR N A  genes
In  re ce n t years, a fa i r ly  com prehensive l is t  o f sequence data have become 
ava ilab le  fo r  a w ide range o f organisms. S alim  and Maden (1981) a ligned the  18S 
sequence o f Xenopus laev is  w ith  th a t o f yeast (R ubstov e t a l., 1980) and showed a 
p a tte rn  o f extens ive  bu t In te rru p te d  hom ology between the  tw o  species. A d d itio n  
o f the E. co li 168 sequence to  th is  p ic tu re  (Brosius e t 1978) shows m uch lo w e r 
sequence hom ology between p ro k a ry o tic  and e u ka ryo tic  rR N A 's . Nonetheless, 
the re  can be seen many sho rt tra c ts  o f c le a r hom ology (Zw ieb  e t ^ . ,  1981} S tie g le r
-e t - ^ : } - I9 8 1 ) “ R e c e n tly ^ l5 1 is h i3  m am m alian  data  fo r  ra t  (T o rczynsk l e t ^ . ,  1983; 
Chan e t a l., 1984) mouse (R ayna l ^  a l., 1984) and ra b b it  (Connaughton e t a l., 1984) 
support the  p ic tu re  o f extensive  sequence hom ology among e u ka ryo tic  188 rR N A 's .
These pa tte rns  o f p rim a ry  s tru c tu re  can be in te rp re te d  in  te rm s  o f secondary 
s tru c tu re . 8 econdary s tru c tu re  models have been proposed fo r  p ro k a ry o tic , 
e u ka ryo tic  and m ito ch on d ria l sm a ll subun it rR N A 's  (Ross and B rim acom be, 1979; 
Woese ^  a l., 1980; N o ile r  and Woese, 1981;' Zw ieb _et al., 1981; 8 t ie g le r  _et _al., 
1981; A tm a d ja  ^  ^ . ,  1984; Chan e t a l., 1984). The m ost s tr ik in g  fe a tu re  o f a ll the
m odels is th a t the y  con fo rm  to  a com m on plan. A l l  the rR N A ’s consist o f 4 
domains, each dom ain being bound by a sh o rt h e lix . The he lices are fo rm e d  by long 
range In te ra c tio ns  between regions th a t are d is tan t fro m  each o th e r in  the  p rim a ry  
s tru c tu re . The m odels support the concept th a t secondary s tru c tu re  o f rR N A  has 
been ex tens ive ly  conserved th roughou t evo lu tion . T here fo re , when considering  the 
p rim a ry  s tru c tu re  o f the gene, i t  is apparent th a t c e rta in  reg ions m ust be under 
in tense se le c tive  pressure to  rem a in  conserved and re ta in  th e ir  a b i l i ty  to  fo rm  a 
p a r tic u la r  secondary s tru c tu re . O th e r reg ions do show q u ite  m arked d iffe re n ce s  in  
sequence, bu t obviously, m ust n o t be a llow ed to  lay  th re a t to  the  s ta b il i ty  o f th e  
secondary s tru c tu re  w h ich  m ust be a p re -re q u is ite  fo r  e f fe c t iv e  ribosom e fu n c tio n . 
H ow ever some o f the m ost h igh ly  conserved sequences are those w h ich  a re  no t base 
pa ired  in  th e  secondary s tru c tu re  m odel. I t  is not y e t known w he th e r these regions 
are t ru ly  s ing le-s tranded o r are in  com plex te r t ia r y  s truc tu res .
La rge  subun it rR N A  genes
Study o f the la rge  subun it rR N A  species is no t as advanced as th a t fo r  the 
sm all subun it rR N A 's . H ow ever sequence data are on ly now being accum ula ted  
inc lud ing  E. co li 23S (Brosius ^  ^ . ,  1980), 5. C erev is iae  26S (G eorg iev  e t 1981) 
Physarum  polycephalum  26S (O tsuka _et 1983). X . laev is  28S (W are e t 1983) 
and ra t  285 (Chan ^  1983). A ga in , d is t in c t regions o f the  gene show
-e vo lu tiona ry -conse rva tion .-----------------------------------------------
I.5 .C . Transcribed  spacer regions
A  d if fe re n t p ic tu re  o f sequence va ria tio n  emerges upon ex tend ing  th is  
analysis to  the  transcribed  spacers. These regions have evolved m uch m o re  ra p id ly  
than the gene coding regions. Sequence data are ava ilab le  fo r  the ETS o f  yeast 
(Skryabin  e t a l., 1979a), X . laev is  (Maden e t ^ . ,  1982b), and X. borea lis  (Fu rlong  e t 
_§!., 1983). D a ta  on ITS sequences are ava ilab le  fo r  yeast (S k ry a b in ^  a l., 1979b.,
Veldm an e t a l., 1980, 1981), X . laev is  (H a ll and Maden, 1980), X . borea lis  (Furlong  
and Maden, 1983), mouse (M ich o t e t a l., 1983) and ra t  (Subrahmanyam e t ^ . ,  1982). 
These data revea l p ra c tic a lly  l i t t le  o r no hom ology between p h y log e ne tica lly  
d is tan t species. Even com parison between the tw o  c lose ly  re la te d  species o f 
Xenopus shows extensive  d iffe rences . H ow ever, th e re  are severa l sho rt sequences 
w h ich  are id e n tic a l in  bo th  species, but these are shown to  be disp laced in  X. 
borea lis  w ith  respect to  X. laev is  ^ im plying th a t inse rtions  and de le tions have p layed 
a m a jo r ro le  in  transcribed  spacer d ivergence in  Xenopus. A  s im ila r  p a tte rn  has 
been shown between the ITS sequences o f  mouse and ra t.
As o f y e t, the  fu n c tio n  o f these transcribed  spacer regions is unknown. 
H ow ever any fu n c tio n  is u n like ly  to  be sequence dependent o r dependent upon a 
p a r tic u la r  secondary s tru c tu re . In E. co li. the  sequences f la n k in g  th e  sm all subun it 
rR N A  species in te ra c t to  fo rm  an extens ive  base pa ired  s tru c tu re  w h ich  co ns titu tes  
a processing s ite  fo r  RNase I I I  (Young and S te itz , 1978). H ow ever, n e ith e r X . 
laev is  o r X . borea lis  appear to  have the  p o te n tia l to  fo rm  such s tru c tu re s  between 
the  18S fla nk ing  reg ions (M aden e t ^ . ,  1982b; F urlong e t ^ . ,  1983). R ecen t re p o rts  
suggest a possible ro le  fo r  ITS 2 in  th e  conversion o f 323 rR N A  to  m a tu re  28S and 
5.BS rR N A  (C rouch, e t a l., 1983, B ach e lle rie  e t a i., 1983).
1.5.d. R a te  o f e vo lu tion  o f gene regions versus spacer regions
Com parison o f the  nuc leo tide  sequence data across a w ide range o f  organism s
-d e m o ns tra tes -th e  g re a te r"n e e 'd 'tb  conserve gene sequences as opposed to  spacer 
sequences. R ecent w ork on Xenopus dem onstra tes q u ite  d ra m a tic a lly  the  very 
g rea t d iffe re n ce  in  the ra te  o f  e vo lu tion  o f  these tw o  classes o f D N A.
Maden e t a l (1982a) searched fo r  he te rogene ities  in  the  185 coding sequences 
in  cloned and uncloned m a te r ia l fro m  X . laev is . The resu lts  showed com p le te  
hom ology w ith  the  p rev ious ly  established sequence fo r  p X lr lO l (S a lim  and Maden, 
1981). In co n tra s t to  th is , S tew a rt e t ^  (1983) exam ined the  th ree  tra nsc rib ed  
spacer regions o f X . laev is  in  cloned and uncloned a m p lif ie d  rD N A  fro m  oocytes
and c loned chrom osom al rD N A  fro m  e ry th rocy te s . H e te rogene itie s  were found 
inc lud ing  sing le  base changes and leng th  va ria n ts  o f one to  severa l nuc leo tides. So 
even w ith in  one species we can see v a ria tio n  in  spacer sequence.
Furlong  and Maden (1983),in  add ition  to  dem onstra ting  the p a tte rn s  o f m a jo r 
d ivergence between the ITS's o f X . laev is  and X. borea lis, also com pared th e  5 ' and 
3' ends o f the IBS gene, the w hole o f the 5.8S gene and the 5 ' end o f  the  28S g e n e .. 
In co n tra s t to  the spacer sequences, on ly th ree  d iffe re n ces  were found in  the  gene 
coding regions. T he re fo re , even between too such close ly re la te d  species as X. 
laev is  and X. borea lis , we can see the  beginnings o f spacer d ivergence.
1.6 Why should m ore sequence data be added to  th is  p ic tu re?
Very l i t t le  is known as to  how rR N A  con tribu tes  to  the  p roper fu n c tio n in g  o f 
the m ature  ribosom e. I t  is on ly now th a t we are beginning to  see areas th a t  are 
obviously im p o rta n t fo r  ribosom e fo rm a tio n . By the p roduc tion  o f  secondary 
s tru c tu re  models, we can begin to  see a com m on shape. H ow ever, th e re  are s t i l l  
some discrepancies between the cu rre n t models w h ich  m ay be reso lved  by the 
add ition  o f m ore sequence data. Such data should also a id  the id e n t if ic a t io n  o f 
sp e c ific  sequences v ita l fo r  ribosom e fu n c tio n - U lt im a te ly ,  we hope to  assign 
p a r tic u la r  fun c tio ns  to  sp e c ific  sequences, as has been achieved fo r  E. c o li rR N A .
The w ork o f th is  p ro je c t has analysed the  p rim a ry  s tru c u tre  o f 185 rD N A  
f rom  X. borea lis  and_from -hum an._ X .-b o re a lis -w as-an-obv ious-cho ice-to -s tudy-as-a - 
g rea t deal o f  com para tive  analysis between th is  species and X. laev is  was being 
ca rrie d  ou t in  our own la b o ra to ry , as described above. Human rD N A  was chosen 
because the re  is the  p oss ib lity  th a t stud ies on human rD N A  m ig h t lead  to  
know ledge w h ich  may be m ed ica lly  app licab le . (In th is  respect, i t  m ay be 
w o rth w h ile  noting  th a t human rR N A  genes are lo ca te d  on chrom osom es associated 
w ith  common b ir th  d e fe c t syndromes).
Research m ust u lt im a te ly  be d ire c te d  a t the le ve l o f  the R N A  to  o b ta in  a
b e tte r  understanding o f phenomena such as nuc leo tide  m o d ifica tio n s  and the 
processing and m a tu ra tio n  pathways. F o r many R N A  stud ies i t  is advantageous to  
know  the D N A sequence. This is true , fo r  exam ple, fo r  the pos ition ing  o f rR N A  
m e thy l groups. M oreover, p r io r  knowledge o f the  corresponding rD N A  sequence 
m ay e lim in a te  the  need to  c a rry  ou t f u l l  R N A  sequencing, a techn ique  w h ich  is not 
as w e ll established as D N A  sequencing. The D N A  sequencing ca rrie d  ou t in  th is  
w o rk  should be usefu l fo r  the  various o b jec tives  o u tlin e d  above.
F igu re  2.1 C om para tive  analysis o f  X . borea lis  and X . laev is  rD N A  
p r io r  to  th is  present w ork
Regions A  and B as shown above v e re  th e  areas com pared between the 
tw o  Xenopus species a t the  ou tse t o f th is  p ro je c t. The la rge  internal 
reg ion  o f the IBS rD N A  had been sequenced in  >C laev is  only. Ana lys is 
o f th is  reg ion  in X  borea lis  was undertaken in th is  present w ork.
C H APTER  2
OBJECTIVES A N D  E X P E R IM E N TA L APPRO ACH
2.1. O u tline  o f Studies
As s ta ted  in the In tro d u c tio n , the w ork o f th is  p ro je c t has led to  the 
e lu c ida tio n  o f the p rim a ry  s tru c tu re  o f bo th  Xenopus borea lis  and human IBS 
rD N A .
H ow ever, the in it ia l a im s were d if fe re n t. I t  was hoped to  analyse the 
p rim a ry  s tru c tu re  o f the whole o f the  human rD N A  tra n s c r ip tio n  u n it. To th is  end, 
i t  was necessary to  d e te c t the rD N A  sequences w ith in  hum an genom ic D N A  and to  
clone and a m p lify  these be fo re  ca rry ing  ou t sequence analysis. In  p a r tic u la r , I 
wanted to  c u t human D N A  w ith  a re s tr ic t io n  enzym e w h ich  w ould cleave 
s p e c ific a lly  to  g ive  the  IBS, 5 .85 and 285 rR N A  genes in a s ing le  la rge  fra g m e n t. 
W ilson e t a l (1978) had shown by Southern b lo tt in g  experim en ts  th a t the  re s tr ic t io n  
enzym e Sal I  cuts to  the 5 ' side o f IBS rD N A  and to  the 3' side o f 285 rD N A , but 
no t in  between, thus fu l f i l l in g  the re qu irem en t o f the th re e  rR N A  genes being 
present to g e th e r in one fra g m e n t. The in i t ia l  experim ents were d ire c te d  tow ards 
c lon ing  the la rge  rD N A  fra g m e n t. These experim ents were unsuccessful a t the 
t im e , bu t a b r ie f o u tlin e  is g iven in  C hap te r 5 . ____________________ _____
M eanw hile, the  com para tive  sequence analysis betw een corresponding 
.segments o f X . borea lis  and X . laevis rD N A  was being ca rrie d  o u t in  our la b o ra to ry  
(Furlong and Maden, 1983; F urlong  e t a l., 1983). The regions covered are shown in 
F igu re  2.1. The analysis showed m arked d ivergence betw een the  tw o  species in  
th e ir  transcribed  spacers. In con tras t to  th is , the  fe w  hundred nuc leo tides o f rR N A  
coding regions inc luded in  these co m p ara tive  analyses showed only m in im a l 
d ivergence. In p a rtic u la r, only one d iffe re n ce  was found tow ards the  3' end o f the
185 gene. N everthe less, the  then  ava ilab le  com para tive  sequence data  on 
eu ka ryo tic  188 rR N A  genes had shown th a t some parts o f th e  IBS sequence were 
p hy log e ne tica lly  m uch m ore va ria b le  than  o th e r pa rts .
G iven th is  in te re s tin g  bu t incom ple te  p ic tu re  o f e vo lu tio n a ry  ra tes  in 
d if fe re n t parts  o f the rlbosom al tra n s c r ip tio n  u n it, i t  was desirab le  to  extend the 
com para tive  sequence data betw een X . borea lis  and X . laev is  w h ich  were c le a r ly  a 
good m odel system  fo r  such stud ies. I th e re fo re  decided to  re d e fin e  the  in it ia l 
aims o f the p ro je c t and sequence the  la rge  h ith e r to  unsequenced in te rn a l reg ion  o f 
the  X . borea lis  185 gene.
H av ing  com p le ted  the X . borea lis  IBS gene sequence, I  w e n t on to  look a t th e  
po in ts o f d iffe re n ce  between X . borea lis  and X . laev is  in  a range o f c loned 185 
genes fro m  the tw o  species. F o r a d iffe re n ce  to  occur between the  tw o  species, a 
nuc leo tid e  su b s titu tio n  m ust have occurred  in  one or o th e r species since the  tim e  
o f th e ir  d ivergence fro m  a com m on ancestor. I f  th is  re sp ec tive  m u ta tio n  had 
occurred  re la t iv e ly  re c e n tly , then we m ig h t expect to  see sequence he te ro ge n e ity  
in  the respective  species, since the m u ta tio n  w i l l  as o f y e t n o t be fix e d  th roughou t 
the  gene popu la tion . I  th e re fo re  exam ined severa l c lones fro m  bo th  species to  look  
fo r  any evidence o f in traspecies he te rogene ity .
F in a lly , I re tu rned  to  the human p ro je c t. M y in te re s t was now d ire c te d  
tow ards the human IBS rD N A  sequence, m aking i t  less im p o rta n t to  have the 
com p le te  rD N A  repea t cloned in  one p iece. EcoR I clones o f human rD N A  had 
been prepared (W ilso n .e t_al.._19.7.8 ;-E rickson-et-a l..—19S l).— Glones”w ere “ obta in ‘ed ” 
fro m  Wilson's group and the  human IBS rD N A  sequence was dete rm ined  in  th e  la te r  
p a r t o f th is  w ork .
2.2. rD N A  Clones
The rD N A  clones used in  the course o f th is  study are described in  F igu re  2.2 
and Table  2.1.
F igu re  2.2 R lbosom al D N A  fragm en ts  conta ined  in the  clones used th roughou t th is  
study
(a) Xenopus fra gm en ts : The s tru c tu re  o f s lig h tly  m ore than one repea ting  u n it o f
Xenopus rD N A  is shown. R e s tr ic t io n  s ites re le va n t to  th is  study are noted.
A l l  borea lis  clones co n ta in  a m p lif ie d  rD N A , as do laev is  clones p X lr lO l,  
p X lr l0 2  and p X lr l0 3 .  laev is  clones p X lc r l ,  pX Ic r2 , p X lc r3 , p X lc r4  and 
pX lcr5  con ta in  chrom osom al rD N A .
(b) Hum an fragm en ts : S lig h tly  m ore than one tra n s c r ip tio n  u n it o f human rD N A
is shown. The re s tr ic t io n  s ites used fo r  c lon ing  are noted. The rD N A
fragm en ts  conta ined in  clones p H rA , pH rB  and pHrB-SE are Ind ica ted . Clone 
pHrB was no t used in  th is  p resent s tudy. H ow ever, I have inc luded i t  here to  
show the d e r iv a tio n  o f clone pHrB-SE.
N o te : I  have depicted the  5.08 gene o f human rD N A  w ith in  the in te rn a l transcribed  
spacer. As o f y e t, the  p rec ise  lo ca tio n  o f th is  rD N A  species has n o t been mapped. 
H ow ever, i t  is conta ined som ewhere w ith in  the  in te rn a l transcribed  spacer.
C lon ing  o f a ll o f these rD N A  fragm en ts , fro m  Xenopus and Hum an, is 
sum m arised in  Table 2.1.
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Table  2.1 rD N A  clones used in  th is  study
The rlbosom al D N A  fragm en ts  conta ined in  the above p lasm ids are shown in  
F igu re  2.1.
p H rA  and pH rB  were o rig in a lly  c loned in to  bacteriophage ve c to rs . (W ilson e t 
a l., 1978; E rickson e t 1981).
As a lready s ta te d  In  F igu re  2.1, c lone pH rB  was no t used in  th is  ana lys is, bu t is 
inc luded in  the  Table  to  show the  d e riva tio n  o f c lone pHrB-SE.
A m p- A m p ic ill in
T e t-  T e tra cyc lin e
The X . borea lis  clones con ta in  extrachrom osom al a m p lif ie d  rD N A  p u r if ie d  
fro m  X . borea lis  oocytes. X . laev is  clones were obta ined fro m  tw o  sources. 
p X lr lO l,  102 and 103 co n ta in  a m p lif ie d  rD N A  p u r if ie d  as fo r  X . b o rea lis .p X lc r l-?  
co n ta in  chrom osom al rD N A  prepared fro m  X . laev is  e ry th ro cy te s . Hum an rD N A  
clones pH rA  and pHrB were in t ia l ly  c loned in to  bacteriophage A  vec to rs  be fo re  
being subcloned in to  pBR 322. C lone pHrB-SE was subcloned fro m  pHrB .
p X b r lO l and p X b r lO lA  were used to  de te rm ine  the nuc leo tide  sequence o f 
the IBS gene reg ion  o f  X . borea lis . A l l  o th e r Xenopus clones were used in  a 
com para tive  analysis o f the d iffe re n ces  found between X. borea lis  and the  
established X . laev is  sequence (Salim  and Maden, 1981).
The human 18S rD N A  sequence was dete rm ined  by analysis o f clones pHrB-SE 
and pH rA .
2.3. D N A Sequencinq M ethods
2 .3 .a. C hem ica l M ethod o f M axam  and G ilb e rt
This m ethod o f D N A  sequencing has been w e ll established fo r  a num ber o f 
years (M axam  and G ilb e rt, 1977, 1980). A  te rm in a lly  labe lled  D N A  fra g m e n t 
undergoes fo u r d if fe re n t m o d if ic a tio n  reactions, each one s p e c ific  fo r  a p a r t ic u la r  
nuc leo tide . Each re a c tio n  gives rise  to  an a rray  o f D N A fragm en ts  o f d if fe re n t  
lengths. These fragm en ts  are reso lved by size on a p o lyac ry lam id e  gel and
subsequenfau torad iography a llow s the  D N A  sequence to  be read d ire c t ly .
2 .3 .b. D ideoxy C ha in  T e rm in a to r M ethod o f Sanger
This m ethod was f i r s t  developed during the  same period  as the  chem ica l 
m ethod (Sanger e t a l., 1977). I t  e xp lo its  the a b i l ity  o f D N A  polym erase 1 to  
fa i th fu lly  synthesise a com plem entary copy o f a s ing le -s tranded  D N A  te m p la te . I f  
a short fra g m e n t o f  D N A is annealed to  its  com p lem en ta ry  s ite  on the  te m p la te , 
and the  fo u r dNTP's are provided, the enzym e w il l  extend th is  p r im e r 5 ' — •> 3 ' u n til
a fu l l  com p lem en ta ry  s trand  is synthesised,g iv ing  a double-stranded m o lecu le . This 
fa c t  is u tilis e d  in  th e  m ethod as fo llo w s . D ideoxynuc leo tide  triphosphates 
(ddNTP's) la ck  a 3 '-0 H  group. T here fo re , i f  one o f these m olecules is added to  the  
g row ing strand  o f D N A , chain  te rm in a tio n  w i l l  occur since th e re  is no 3 '-0 H  group 
ava ilab le  fo r  fo rm a tio n  o f the  next phosphodiester bond. As w ith  the chem ica l 
m ethod o f sequencing, fo u r  separate reactions are ca rrie d  ou t. Each rea c tion  m ix  
conta ins a ll fo u r  dNTP's,one o f w h ich  is labe lled , tog e the r w ith  one o f the ddNTP’S. 
By c a re fu lly  c o n tro llin g  the ra t io  o f dNTP to  ddN TP, a whole range o f D N A  
fragm en ts  o f d if fe re n t  lengths are produced. The p roducts  o f each re a c tio n  can be 
separated, as fo r  the  chem ica l m ethod, on p o lyacry lam ide  gels and the  sequence 
read fro m  an auto rad iograph. In  p ra c tic e , the la rge  fra gm en t o f  D N A  polym erase 1
(K lenow  fra g m e n t) Is used in  the  sequencing reactions. Th is lacks the  5 ' •>-------- >3'
exonuclease a c t iv ity  o f the in ta c t  enzym e w hich  could  o the rw ise  re s u lt in 
degradation  o f the new ly  synthesised s trand  fro m  the 5 ' p r im e r end.
F o r tw o  reasons, the chem ica l m ethod has u n til re c e n tly  been m ore w ide ly  
used than  the  dideoxy m ethod . The chem ica l m ethod can be c a rrie d  ou t on double­
stranded or s ing le-stranded m a te r ia l, whereas the dideoxy m ethod is s p e c ific  fo r  
s ing le-stranded D N A . U n t il re c e n tly  the re  were no w e ll established procedures fo r  
p roducing th is  essentia l s ing le-stranded m a te r ia l. A no th e r d isadvantage o f  th is 
second m ethod was the  requ irem en t fo r  a new p rim e r sequence every 200-300 
bases. H ow ever, these lim ita t io n s  have now been overcom e, as described below .
2.3.C. M13 c lon ing  vec to rs
M13 is a s ing le-stranded fila m e n to u s  phage whose life -c y c le  has been 
exp lo ited  to  produce sing le-stranded tem p la tes  requ ired  fo r  d ideoxy sequencing. 
The phage enters a su itab le  host c e ll (E. co li F ') by way o f the F p ilus. Th is s ing le - 
s tranded D N A  is converted  to  the  double-stranded re p lic a tiv e  fo rm  (R F). D uring  
subsequent re p lic a tio n , la rge  am ounts o f new ly synthesised s ing le -s tranded  D N A  
are produced. These are packaged in to  v ira l coa t p ro te ins  and ex truded  fro m  the
c e ll w ith o u t lys is . T he re fo re , i t  can be seen th a t the  in se rtion  o f  fo re ig n  D N A  in to  
the RF o f the  phage w ould  p rov ide  a s im ple  way o f producing la rge  am ounts o f the 
s ing le-s tranded te m p la te  necessary fo r  d ideoxy sequencing. Messing e t ^ . ,  (1977) 
f i r s t  showed th a t  a s tab le  recom b inan t could  be fo rm ed . A  H in d  I I  fra g m e n t o f  the 
la c  re g u la to ry  gene fro m  E. co li was inse rted  In to  w ild  type  M13. Th is in se rt 
conta ins the  D N A  sequence fo r  the  p ro m o te r, o pe ra to r and the f i r s t  145 am ino ac id  
residues o f th e  B -ga lactosidase  gene (a -pep tide ). G ronenborn and Messing, (1978) 
in troduced  an E coR I s ite  in to  the  6 -ga lactosidase  gene and produced the  f i r s t  M13 
c lon ing  vecto r,M 13  mp 2.
A ltho u gh  M13 does n o t lyse its  host ce ll, phage g row th  does re ta rd  the  g row th  
ra te  o f the  ce ll. On p la tin g  ou t, ce lls  tra n s fo re d  w ith  M13 are id e n tif ie d  as tu rb id  
plaques on a law n o f u n in fe c te d  ce lls . Inc lus ion  o f the  la c  D N A  in  M13 vec to rs  
gives a m ethod fo r  d is tingu ish ing  recom binan ts  fro m  non-recom binants. N e ith e r 
the  ve c to r nor the  host c e ll can produce a fu n c tio n a l B -galactosidase. The h os t 
chrom osom e has a de le tion  o f the  la c  p ro m o te r,w h ich  is found  instead on the  m a le  
episome. The episome is also unable to  produce a fu n c tio n a l B -ga lactos idase ,due 
to  a de le tion  o f the  sequence fo r  am ino acids 11-41. When the  host c e ll is 
trans fo rm ed  by an M13 ve c to r, on ly then  is a fu n c tio n a l B -ga lactosidase  m o lecu le  
produced (in  the  presence o f the la c  induce r IP T G , is o p ro p y l-b e ta -D -th io - 
ga lactopyranoside) by means o f com p lem en ta tion  o f the  tw o  n o n -fu n c tio n a l 
enzymes ( in tra  c is tro n ic  com p lem enta tion ). Such ce lls  w il l  hydro lyse th e  substra te  
X -G a l (5 -b romQ-4-ch loro-3^indovl= .B^galactoside)— to — g ive------ a— b lu e  d y e -
(b rom och loro indo le) and th is  resu lts  in  b lue co loured plaques. In  genera l, i f  the 
M13 ve c to r conta ins a fo re ign  D N A in s e rt w ith in  the  B -ga lactosidase coding reg ion  
(recom b inan t m olecule), no fu n c tio n a l B -ga lactosidase a c t iv ity  is produced and the  
re su lta n t plaques are w h ite .
Several M13 c lon ing  vecto rs  have been cons truc ted  by Messing and co - 
workers. These vecto rs  have m u lt ip le  c lon ing  s ites inse rted  in to  the  o r ig in a l E coR I 
s ite  o f M13 m p 2 . The vecto rs  used in  th is  s tudy are shown in  F ig u re  2.3a. The
< a )
Saal/Xaal H/S/Aeel 
EcoRI BamHI Patl Hindlll
M13œp8 ATGACCATCATTACOAATTCCCGGGGATCCCTCOACCTtfCABCCAAcCTTOGCACTGOCC
H/S/Xocl Smal/Xnal 
Hlndlll Patl BamHI EcoRI
M13op9 ATGACCAT0ATTACGCCAA0CTTCCC'rGCAGCTC0ACG<ÎAfÜ5CCGflGAATTCACTGCCC
Saal/Xaal H/S/Aeel
EcoRI Satl BamHI XDal Patl Hlndlll
M13mp10 ATCACCATGATTACGAATTCGAOCTCGCCCCOOGATCCTCTAGAGTCCACCTOCAGCCCAAGCTTCGCACTGOCC
H/S/AccI Smal/Xnal
Hlndlll Patl Xbal BamHI Satl EcoRI
M13mp11 ATGACCATGATTACGCCAAOCTTGGGCTGCAGGTCOACTCTAOAGGATCCCCGGGCOACCTCGAATTCACTGGCC
Smal/Xaal H/S/AccI
EcoRI Satl Kpnl BamHI Xbal Patl SphI Hlndlll
M13mpl8 ATOACCATGATIACGAATTCOACCTCGGIACCCGGCOA'ICC'TCTAOAGTCCACCTCCAOOCATGCÂÂGËÎTGGCACTCOCC
H/S/Aeel Smal/Xaat
HlGdI.II. SpBI Patl Xbal BamHI Kpnl SatT EcoRI
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(b)
ATGACCATGATTACG iliaert ACTGGCCGTCGTTTTACAACGT 3'
3' TCACCGGCAGCAAAATG S' Primer
3' <--------------S' Direction of DNA ayntheais
F igu re  2.3
(a) M13 c lon ing  vec to rs  used in  th is  study, show ing the  m u lt ip le  re s tr ic t io n
sites.
H  -  H inc  II
S -  Sal 1____________________________________________________________________
(b) 17-m er p r im e r used in  th is  s tudy, and its  b ind ing  s ite .
m u ltip le  re s tr ic t io n  s ite s  can be used in d iv id u a lly  or in  pa irs  to  clone any desired 
reg ion  o f the D N A  o f in te re s t. These vecto rs  com prise p a irs , w ith  each p a ir 
con ta in ing  m ir ro r  im age c lon ing  sites. The advantage o f th is  is th a t a D N A 
fra g m e n t bound by tw o  d if fe re n t re s tr ic t io n  s ites can be c loned in  opposite 
o rie n ta tio ns . Th is  a llow s sequencing o f bo th  strands fro m  opposite ends o f the  
inse rt.
2.3.d. U n ive rsa l p r im e r
Since a ll fragm en ts  are c loned in to  the same s p e c ific  reg ion  o f the  M13 
genom e ,it is possible to  use a un iversa l p r im e r com p lem en ta ry  to  th e  re g ion  o f M13 
fla n k in g  the  m u lt ip le  c lon ing  s ites. The K lenow  fra g m e n t w i l l  ex tend  the  p r im e r 5'
 > 3' passing im m ed ia te ly  through the  clon ing  s ite , and so w i l l  g ive  the
sequence o f any D N A fra g m e n t inse rted  a t th is  pos ition . Such sh o rt sequences 
have been made and are now c o m m e rc ia lly  ava ilab le  {Anderson e t j l . ,  1980; 
H e idecke r e t a l., 1980; D u ckw o rth  e t a l., 1981; Messing e t a l., 1981). The p r im e r 
used in  th is  w ork is shown F igu re  2.3.b.
There fo re , the  developm ent o f M13 c lon ing  vecto rs  and the  re q u irem en t fo r  
only one p rim e r sequence has made the  dideoxy sequencing m ethod  o f  Sanger 
w ide ly  app licab le  (Sanger e t a l., 1980; Messing e t a l., 1981). A  sum m ary o f  M13 
c lon ing  and dideoxy sequencing is shown in  F igu re  2.4.
' 2 .3 .e. Use o f 33$ labe lled  nucleo tides in  d ideoxy sequencing
The use o f phosphorous-32 (52p) nucleo tides in  d ideoxy sequencing is w e ll 
established. How ever, re ce n tly , nuc leo tides labe lled  w ith  su lphur-35 (25s) have 
been produced. Sulphur replaces a non-bridg ing  oxygen in  the  a-phosphate group o f 
a nucleoside triphosphate . These nuc leo tides (te rm e d  th ionuc leo tides ) can be 
su bs titu ted  fo r  labe lled  nuc leo tides w ith  ve ry  l i t t le  e f fe c t  on m ethodo logy and 
w ith  several a d v a n ta g e s (B ig g in  e t .  , 198  3),
B e fo re  discussing th e ir  use in  D N A sequencing, I w ould  lik e  to  p o in t o u t an
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in te re s tin g  p ro p e rty  o f these th ionuc leo tides. The rep lacem ent o f an oxygen by 
su lphur in troduces c h ira lity  in to  the  m o lecu le , w ith  the  p o s s ib il ity . o f tw o  
stereo isom ers, the  R and S fo rm s  (Burgers and E ckste in , 1978). These tw o  fo rm s 
are shown in  F igu re  2.5. How ever, i t  has been shown th a t synthesis o f these 
th ionuc leo tides  by an e nzym a tic  m echanism , resu lts  in  on ly the  S co n fig u ra tio n . 
The a b ility  to  w ork w ith  a pure isom er has h ig h ligh ted  the  s te re o -s p e c if ic ity  o f 
some in te re s tin g  enzymes. E. c o li D N A  and R N A  polym erases and TA D N A  ligase 
a ll show absolu te  s p e c if ic ity  fo r  the  S fo rm . (E ckste in  e t W., 1982; P utney e t 
1981). In  co n tra s t to  th is , o ligonuc leo tides con ta in ing  the  S fo rm  th ionuc leo tides
are re s is ta n t to  severa l nucleases,includ ing  exonuclease II I,  E. c o li and TA 3'------>5'
exonuclease a c t iv ity  o f D N A polym erase, and snake venom phosphodiesterase 
(Putney e l  ^ . ,  1981; K unke l e t 1981; B urgers and E cks te in , 1979).
R e tu rn ing  to  the  use o f th ionuc leo tides  in  d ideoxy sequencing, th ionuc leo tides  
are no t n a tu ra l substra tes fo r  D N A polym erase 1. The ra te  o f in c o rp o ra tio n  is 
s lig h tly  lo w e r than fo r  na tu ra l substra tes and so the  sequencing re a c tio n  t im e  has 
to  be increased accord ing ly . O therw ise, no changes need to  be m ade to  estab lished 
p ro toco ls . has a h a lf  l i f e  s ix  tim es  as long as th a t fo r  ^2 p  and thus a llow s 
e x tra  f le x ib i l i t y  in  the  p lann ing o f experim en ts and reduces unnecessary wastage o f 
unused labe l. The m ost im p o rta n t advantage o f 55s is th a t i t  is  a s o ft  g e m it te r .  
There is less ra d ia tio n  dose, w h ich  is espec ia lly  im p o rta n t fo r  w orke rs  processing 
many clones per day over several days a t a tim e . Secondly, re so lu tio n  in
-a u to rad iog raphy  is " im p ro W d [s ifîcë 'th e  "shorter range o f 6  p a rtic le s  re su lts  in  m uch 
sharper bands. Thus sequences can be read much fu r th e r  up in to  the  gel. S ince 55s 
has a ve ry  sho rt pen e tra tio n  d istance, gels have to  be d ried  be fo re  auto rad iog raphy, 
a process w h ich  in  its e lf  gives increased reso lu tion . T h e re fo re  55s la b e lled  
n u c le o tid e s . are now used fo r  d ideoxy sequencing in  p re fe rence  to  nuc leo tides  
labe lled  w ith  52p.
2.A. Use o f  B o th  Sequencing M ethods in  th is  Study
As o u tlin e d  e a rlie r, the f i r s t  o b je c tive  was to  de te rm ine  the  sequence o f  18S
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F igu re  2.5 Th ionuc leotides ; R and S Form s
The above fig u re  shows the  tw o  stereo isom ers o f  dATPaS. The in tro d u c tio n  o f  a 
sulphur gives a c h ira l ce n tre  a t the  a phosphate group and resu lts  in  th e  p o s s ib ility  
o f tw o  fo rm s, nam ely R  and S.
rD N A  fro m  X. borea lis . The w ork o f F urlong  and Maden (1983) had shown on ly  one 
d iffe re n ce  near the  3' te rm inus  on com parison w ith  the published sequence fo r  X . 
laev is  (Salim  and Maden, 1981). The e xpe c ta tio n  was th a t the re  w ould  p robab ly  be 
re la t iv e ly  fe w  d iffe re n ce s  fro m  X . laev is  IBS rD N A ,and  so I  used fea tu re s  o f the  X . 
laev is  sequence to  estab lish a sequencing s tra te g y . This s tra te g y  u tilis e d  many 
re s tr ic t io n  s ites in  con junc tion  w ith  the M a xa m -G llb e rt chem ica l sequencing 
m ethod,w hich  was a lready w e ll established in  the  la b o ra to ry .
I t  was during the com para tive  analysis o f the  d iffe rences  found betw een the  
tw o  Xenopus species th a t  M13 c lon ing  and d ideoxy sequencing were in troduced . I t  
became apparent th a t th is  system  was an idea l choice  fo r  com paring  the  
d iffe re n ces  th rou g h to u t a range o f X . borea lis  and X. laev is  clones as q u ic k ly  as 
possible. Since I  was look ing  a t the  same p o in t o f sequence In a ll clones, id e n tic a l 
fragm en ts  were c u t o u t by re s tr ic t io n  enzym e d igestion . T h e re fo re  on ly  one d igest 
o f M13 was requ ired . Subsequent lig a tio n  and tra n s fo rm a tio n  In to  JM 103 gave the 
requ ired  plaque fo rm a tio n . The necessary s ing le -s trand  te m p la te  fo r  d ideoxy 
sequencing on ly takes tw o  days to  p repa re ,w ith  on ly one m ore day re q u ired  to  ca rry  
ou t bo th  the sequencing reactions and run the  gels. T here fo re , a c tu a l sequence 
data accum ula te  ve ry  rap id ly .
In i t ia l experim en ts  w ith  the dideoxy sequencing m ethod were ca rrie d  ou t w ith  
52p dATP, be fo re  subsequently tu rn in g  to  dATP. C om parison o f these ea rly  
gels w ith  the la te r  ones shows c le a rly  the  much h igher degree o f reso lu tion  
obta ined on using ^^S la b e Ile d _ n u c Ie o tld e s ,d iscu sse d -in -se c tio n —27-3;e.—(R e su lts .-
C hapte r 4). In  s e ttin g  up th is  sequencing m ethod, I used in d iv id ua l reagents 
purchased fro m  various companies and fo llo w e d  p ro toco ls  fro m  A . B ank ie r, M R C , 
C am bridge. H ow ever, as th e  p o p u la rity  o f th is  system  has increased, A m ersham  
now m a rke t a com p le te  sequencing k i t  and I decided to  take  advantage o f th is .
A na lys is  o f the human 18S gene reg ion  was ca rrie d  ou t co m p le te ly  by M13 
clon ing  and d ideoxy sequencing, estab lish ing th is  as a ro u tine  m ethod o f sequencing 
in  our lab o ra to ry .
C H APTER  3
M ATER IALS  A N D  METHODS
Common chem ica ls were analar grade supplied by BDH C hem ica ls , Poole, 
D orse t, o r Fisons S c ie n tif ic  A ppara tus, Loughborough, Le ics . Exceptions to  th is  
are noted in  the  te x t .
3.1. Media and A n tib io tic s
3.1.a. L iqu id  media
A ll  media were s te r ilise d  by au toc lav ing  before  use.
L -B ro th ;
M in im a l M edium :
1% T ryp tone  (D ifc o , W est M olesey, Surrey).
0.5% Yeast E x tra c t (D ifco )
0.5% N aC l
lO m M  T ris -H C l, pH 7,4 
Im M  MgSÜ4  
1.05% K 2HPO 4  
0.45% K H 2 PO4  
0.1% (N H 4 )2  SO4
—0.05% -S odium -citra te ,-2H 2Q --------------------------------- :
0.02% MgS04.7H20
* 5 j ig / l  th ia m in e -H C l (V it  81, Sigma, Poole, D orse t) 
* 0 .2 % glucose
*  S te rilised  separa te ly  as a concen tra ted  so lu tion .
Y T M edium : 0.8% T ryp tone  (D ifco )
0.5% Y east E x tra c t (D ifco )
0.5% N aC l
2 x Y T  is double the  co nce n tra tio n  o f th is  rec ipe.
3 .1 .b. M edium  con ta in ing  agar
Make up liq u id  accord ing  to  the app rop ria te  fo rm u la  g iven in  3 .1 .a. Just
be fo re  au toc lav ing , add B ac to  A g a r (D ifc o ) to  the requ ired  co nce n tra tio n  
fo r  p la tes, 15g/l 
f o r  top  agar, 6 g /l
3 .1 . 0 . A n tib io t ic s
These were obta ined fro m  Sigma and used a t the  fo llo w in g  concen tra tions. 
am p ic ilU n , lOOpg/m l 
te tra c y c lin e , 15pg/m l
These can be added in  so lid  fo rm  o r fro m  a concen tra ted  s tock  so lu tion .
Solutions are s te r ilis e d  by f i l t r a t io n  and s to red  in  a liquo ts  a t -2 0 ‘’C. T e tra c y c lin e
so lu tions should also be wrapped in  a lum in ium  fo i l.
3.2 M aintenance o f B a c te ria  and P lasm ids
3.2.a. E. co ll hosts 
E. co li H B lO l:
F -, p ro -, leu -, th i" ,  la c Y -, hsdR~, end A - ,  re c  A -, rsp L20 , a ra-14, ga l-K 2 , xy l- 
5, m tl-1 , SupE 44.
E. co li JM 103:
A lacpro, th i,  s trA , supE, end A , sbcB15, hsd R4, F 't ra  D36, p ro  AB, la c  1^ZAM15.
^  co li H B ID I was the host fo r  the  plasm ids used during  the  course o f th is  
p ro je c t (B o liv a r and Backm an, 1979). E. co li JM103 was host fo r  the g ro w th  o f 
s ing le -s tranded  bacteriophage M13 and M13 recom binants (Messing e t a l., 1981).
3 .2 .b. Long te rm  storage o f b ac te ria
Long te rm  storage o f b a c te ria  is achieved by s to r in g  in  40% g lyce ro l a t -
20“ C.
To 2.5m ls o f an e xponen tia lly  g row ing cu ltu re , add 2.5m ls o f  s te r ile  80% 
g lyce ro l. V o rte x  to 'en su re  good m ix ing  and s to re  a t -2 0 *C.
3 .2 .c. S tock P la tes o f  JM1Q3
S tock JM1Ü3 can be s treaked onto  a glucose m in im a l agar p la te  (3 .1 .b.) using 
a s te r ile  p la tinu m  loop. The p la tes are then a llow ed  to  g row  o ve rn ig h t in  a 37“ C 
incuba to r. The p la tes  can be used as a s tock  o f s ing le  co lonies fo r  a t  le a s t a 
m onth.
3 .2 .d. S torage o f plasm ids
P lasm ids can be stored  in  cu ltu res  o f  trans fo rm ed  H B lO l as described in
3.2.b.
N a tive  p lasm id D N A is stored  in  TE b u ffe r  (lO m M  T ris -H C l pH 8.0, D .lm M  
ED TA). Th is is s to red  in  a screw -cap tube  a t 4 °C  over a drop o f c h lo ro fo rm ._ T h is -
should rem a in  pure fo r  several years w ith  re g u la r rep len ishm ent o f c h lo ro fo rm .
I t  is also advisable as a sa fe ty  p recau tion  to  s to re  some n a tive  D N A  a t -2 0 “ C . 
Th is can be used to  re  tra n s fo rm  b a c te ria l host ce lls  should the need arise .
3.2.e. A  check o f a n t ib io t ic  resistance
E spec ia lly  when p reparing  a new p lasm id fo r  the  f i r s t  t im e , i t  is  advisab le  to  
check th a t trans fo rm ed  b a c te ria  dem onstra te  the expected a n t ib io t ic  s e n s it iv ity  or
res istance. S treak some liq u id  cu ltu re  onto  .the  app rop ria te  a n t ib io t ic  p lates 
(3 .1 .b.). Incubate  p la tes ove rn igh t a t 37°C . A n t ib io t ic  c h a ra c te r is t ic s  o f  the  
plasm ids used in  the  course o f th is  p ro je c t a re  shown in  Table  2.1.
3.3. Large  Scale P repa ra tion  o f  P lasm ids
Two m a jo r d iffe rences  between E. co li D N A  and p lasm id  D N A  have been 
e xp lo ited  in  the d e te rm ina tio n  o f a m ethod to  iso la te  pure p lasm id  D N A . The E. 
co li chrom osom e is much la rg e r than the  D N A o f com m only used p lasm ids. The 
bulk o f &  co li D N A  e x tra c te d  fro m  ce lls  is ob ta ined as broken, lin e a r m olecules, 
whereas p lasm id D N A  is gene ra lly  e x tra c te d  in  a co va len tly  closed, c irc u la r  fo rm . 
A l l  m ethods devised are based on th ree  basic steps. G row th  o f  b a c te r ia  and 
a m p lif ic a tio n  o f the  p lasm id, harvesting  and lys is  o f the b a c te ria  and la s t ly  
p u r if ic a t io n  o f th e  p lasm id  D N A .
The m ethod shown here is derived  fro m  th a t o f  C le w e ll and H e lin sk i (1970).
3 .3 .a. Solutions
Sucrose so lu tion : 25% sucrose, 0.05M  T ris -H C l, pH 8.0
Lyso rym e  so lu tion : 5 m g /m l lysozym e (Sigma) in  0.25M T ris -H C l, pH  8.0
The lysozym e so lu tion  m ust be prepared fresh  on the  day o f c lea red  lys is .
B r i j  so lu tion : 1% B r i j  58 (po lyoxye thy lene  20, c e ty l e the r, S igma)
0.4% sodium deoxycholate
2.5m M  E D TA
50m M T ris -H C l, pH 8.0
3.3.b. G row th  o f  b a c te ria  and a m p lif ic a tio n  o f the  plasm id
The volum es given below  are fo r  a 1 l i t r e  cu ltu re  bu t can be adapted  to  su it 
o th e r volumes. A  1 l i t r e  cu ltu re  should y ie ld  up to  Im g  o f p lasm id D N A .
S ta r te r  cu ltu res  are usua lly inocu la ted  fro m  a 40% g lyce ro l s tock . T ra n s fe r
O .lm l to  50m l o f L -b ro th  (3 .1.a .) supplem ented w ith  the a pp rop ria te  a n t ib io t ic  (as 
requ ired  fo r  p lasm id se lec tion ) in  a 250m l con ica l fla sk . Shake a t 37°C  overn igh t.
The m a in  cu ltu re  is best se t up around m id -day. Read the O .D .660 o f the 
overn igh t cu ltu re  (d ilu te  1:9 in  L -b ro th ). Inocu la te  2 x 500m l o f L -b ro th  (in  21 
flasks), again  w ith  the  appropria te  a n t ib io t ic  added, w ith  enough ce lls  to  g ive 
O.D.660 o f 0.04. Shake a t 37*C  u n til the  O.D.660 = 0.5.
Add lOOmg o f ch lo ram phen ico l d ry  pow der per 500m l and incuba te  a t 37®C 
w ith  shaking fo r  a fu r th e r  16 hours. D u ring  th is  tim e , chrom osom al D N A  synthesis 
is in h ib ite d  w h ile  p lasm id  D N A  synthesis continues.
3 .3 .c. H a rves ting  and lys is  o f bac te ria  
H a rves ting :
H arvest the  b a c te ria l ce lls  by c e n tr ifu g a tio n  a t 5000 rpm  fo r  10 m in  a t 4 *C . 
D isca rd  the  superna tan t. Resuspend in  a to ta l vo lum e o f 50m l lO m M  T r is -H C l, pH
8.0, Im M  E D TA . Th is requ ires vo rtex ing . C e n tr ifu g e  fo r  a second t im e  and pour 
o f f  the  supernatant, keeping the  p e lle t on ice.
Lys is ;
Resuspend the p e lle t in 8 m l o f an ice -co ld  sucrose so lu tion , add 1 .8m l o f 
lysozym e so lu tion  and s w ir l on ice  fo r  5 m ins. Add 3.3m ls o f 0.25M  E D T A , pH 8.0, 
and s w ir l on ice  fo r  5 m ins. Add 15 m l o f B r ij so lu tion  and s w ir l on ice  fo r  a fu r th e r  
lO m ins. C e n tr ifu g e  a t 30,000 rpm  fo r  45 mins a t 4 °C  in  a Beckm an 6 QTi ro to r . 
This rem oves h igh -m o lecu la r w e igh t D N A  and b a c te ria l debris. P lasm id D N A  is 
conta ined  in  th e  superna tan t. Pour o f f  in to  a graduated c y lin d e r and note  the 
volum e.
3.3.d. P u r if ic a tio n  o f closed c irc u la r D N A
Plasm id  D N A  behaves d if fe re n t ly  fro m  E. co li D N A  when th e  tw o  are 
ce n trifu g ed  to  e q u ilib r iu m  in  caesium ch lo ride  (C sC l) g rad ien ts  con ta in in g
sa tu ra tin g  concen tra tions  o f  the  in te rc a la tin g  dye, e th id ium  brom ide. C o va le n tly  
closed, c irc u la r  D N A  binds less e th id ium  brom ide than lin e a r D N A and th e re fo re  
bands a t a h igher density  in  C sC l gradients.
F o r every 1m l o f superna tan t add e x a c tly  I g  o f so lid  C sC l and m ix  g e n tly  to  
dissolve a ll th e  sa lt. Add 0 .8m l o f e th id ium  b rom ide  (ID m g /m l) fo r  eve ry  10m l o f 
C sC l so lu tion . M ix  w e ll. The f in a l density  o f the  so lu tion  should be 1 .55m g /m l. 
This can be checked by w eighing 1m l o f the  so lu tion .
T ra n s fe r the  so lu tion  to  a qu ick  seal p o lya llo m e r tube. I f  requ ired , f i l l  the 
rem a inde r o f the tube w ith  lig h t p a ra ff in  o il.  Seal tubes. P lace in  a Beckm an 
V ti50  ro to r  fo r  16 hours a t 45,000 rpm  a t 20“ C.
V iew  th e  tube  under U .V . illu m in a tio n . Tw o bands o f D N A  can be seen. The 
upper band consists o f lin e a r b a c te ria l D N A and n icked  c irc u la r  p lasm id  D N A . The 
lo w e r band consists o f closed c irc u la r  p lasm id  D N A . A n  R N A p e lle t can be seen a t 
th e  b o tto m  o f the  tube.
Using a 21 guage needle, punctu re  the tube  and c o lle c t th e  lo w e r band in to  a 
glass tube. A lte rn a t iv e ly  the band can be co lle c te d  fro m  above using a pasteur 
p ip e tte . I t  is  f i r s t  necessary to  rem ove m a te r ia l above the  desired band and then  
to  rem ove the  co va len tly  closed, c irc u la r  D N A  using a clean pasteur p ip e tte .
3.3.e. R em ovai o f e th id ium  brom ide
Add an equal vo lum e o f  isopropanol so lu tion  (isopropanol, 0.05M T r is -H C l, pH
8.0, D.05M N aC l, O.OIM E D TA , pH 8.0, sa tu ra ted  w ith  CsC l). M ix  the  tw o  phases - 
by invers ion . L e t  th e  phases separate w e ll (5-10 m inutes) to  avo id  D N A  loss. 
D isca rd  the  upper phase. Repeat e x tra c tio n  u n til the  p ink co lou r has co m p le te ly  
gone fro m  the aqueous phase and then repea t one m ore tim e  (usua lly  a to ta l o f  4 
tim es).
A dd  2 volum es o f w a te r and 2.5 volum es o f e thanol (ca lcu la te d  on d ilu te d  
aqueous volum e). C h ill a t -2 0 *C  fo r  a fe w  hours to  p re c ip ita te  the  D N A . The 
presence o f  C sC l enables the  D N A  to  p re c ip ita te .
C e n tr ifu g e  a t 10,000 rpm  fo r  10 m ins a t -1 0 °C  to  p e lle t the  D N A . P our o f f  
the  superna tan t. Redissolve th e  p e lle t  in  3m l o f 0 .3M  sodium a ce ta te . A dd  an 
equal vo lum e o f phenol sa tu ra ted  w ith  TE b u ffe r, pH 8.0. V o rte x  fo r  3 m inu tes. 
Separate th e  phases by low  speed c e n tr ifu g a tio n . R ecover the aqueous phase (top  
phase). Add 2.5 volum es o f co ld  e thano l. C h ill a t -2 0 *C  fo r  2 hours fo llo w e d  by -  
7 0 *C  fo r  30 m ins. C e n tr ifu g e  a t 10,000 rpm  fo r  10 mins a t -1 0 *C . Wash th e  D N A  
p e lle t w ith  80% e thano l. R e -ce n tr ifu g e . D ry  o f f  the  rem a in ing  e thano l under 
vacuum . D isso lve  the p e lle t in  1m l o f TE b u ffe r, pH  8.0. Read the  O .D .260nm  o f 
lO fil o f the  sam ple (d ilu te  to  1m l in  TE). A n  O .D .260 o f 1.0 is equ iva len t to  a D N A  
co nce n tra tio n  o f 50pg /m l. C a lcu la te  the  to ta l y ie ld  o f D N A , rem em bering  to  take  
account o f  the  l/ lD O  d ilu tio n . Run I p l  o f the  sam ple on a 1% agarose m in i-g e l 
(3 .5 .b.) tb  check the  q u a lity  o f the  p repara tion .
3.4. D igestion  w ith  S pe c ific  R e s tr ic t io n  Endonucleases
R e s tr ic t io n  Enzym es were obta ined fro m  Bethesda Research L ab o ra to rie s  
(U .K .) L td ., C am bridge, The B oehringer C o rpo ra tion  (London) L td ., Lewes, E. 
Sussex, N ew  England B io labs., C .P . Labs., L td .,  (U .K . d ls t.) B ishops S to r tfo rd , 
H e rts ., and P and S B iochem ica ls , L ive rpo o l.
3.4.a. R eac tion  bu ffe rs
Each re s tr ic t io n  enzym e has o p tim a l re a c tio n  cond itions as sp e c ifie d  by the  
m anu fac tu re rs . H ow ever, the  b u ffe rs  shown below  (de te rm ined  p rev ious ly  in  our 
la b o ra to ry ) a llow  the  enzym es to  be c la ss ifie d  in to  th ree  groups w ith  respec t to  
p re fe rence  fo r  th e  fo llo w in g  bu ffe rs .
No s a lt B u ffe r  ( Ix )  lO m M  T ris -H C l
6 mM M g C l2 
Q.5mM d ith io th re ito l 
pH 7.6
- J O -
Low  sa lt B u ffe r  ( Ix )  lO m M  T ris -H C l
6 mM M gC l2  
6 mM N aC l 
0 .5m M  d ith io th re ito l 
pH 7.5
H igh  sa lt B u ffe r  ( Ix )  lO m M  T ris -H C l
6 mM M gCl2 
60m M N aC l 
0.5m M  d ith io th re ito l
pH 7.5
B u ffe rs  are usually prepared as a ID x  concen tra ted  s tock and s to red  a t 4 “ C.
By com paring the  above recipes w ith  the m anu fac tu re rs  recom m endations i t  
is possible to  choose the  app rop ria te  b u ffe r  fo r  m ost enzymes.
3.4.b. S e ttin g  up re s tr ic t io n  digests
D igests are ca rrie d  out in  a 1 .5m l Eppendorf Tube in  the  presence o f 1/10 x 
volum e o f  the  appropria te  lO x  re a c tio n  b u ffe r (3.4.a.).
1 u n it  o f enzym e a c t iv ity  is de te rm ined  as the  am ount o f enzym e re q u ired  to  
d igest I f ig  o f D N A  to  com p le tion  in  1 hour. H ow ever to  ensure co m p le te  d igestion  
i t  is usual to  add a severa l fo ld  excess o f enzym e. F o r a sm a ll sca le  a n a ly tic a l 
d igest (0.2 -  Ip g  o f  D N A ) add a 5x excess o f enzym e per d igest. W here a la rge  
scale p re pa ra tive  d igest is requ ired , to  save on the  am ount o f  enzym e used, add 1 /5  
the am ount o f enzym e and d igest to  co m p le tio n  overn igh t. M ake sure th e  con ten ts  
o f the  Eppendorf tube are w e ll m ixed  be fo re  incuba ting  a t th e  a pp rop ria te  
tem pera tu re .
When D N A is to  be cleaved by tw o  o r m ore re s tr ic t io n  enzym es, the 
digestions can be c a rrie d  ou t s im u ltaneously i f  bo th  enzymes w o rk  in  the  same 
b u ffe r. I f  th is  is not the  case, the  enzym e th a t w orks in  the  b u ffe r  o f  lo w e r io n ic  
s treng th  should be used f ir s t .  The app rop ria te  am ount o f s a lt and th e  second 
enzym e can then  be added and the  incuba tion  continued.
3.5. S eparation o f D N A Fragm ents by Gel E lectrophoresis
E lec trophores is  through gels is the standard procedure used to  separate, 
id e n tify , and p u r ify  D N A  fragm en ts . Tw o separate gel types w ere  used here, 
nam ely 1% agarose gels and 4% p o lyacry lam ide  gels. The cho ice  o f gel type  
depends on the  size o f the D N A  fragm en ts  to  be separated. In  general 4% 
p o lyacry lam ide  gels are used to  separate fragm en ts  o f less than 1 0 0 0  base pairs, 
w ith  anyth ing  la rg e r than th is  re q u ir in g  a 1 % agarose gel.
3.5.a. P repa ra tio n  o f 1% agarose pels 
Running B u ffe rs
Agarose E lectrophores is  B u ffe r  ( Ix )
40m M  T ris -H C l 
20m M Sodium ace ta te  
2mM EDTA
pH to  8.0 w ith  conc. a c e tic  ac id  
TBE E lectrophores is  B u ffe r  ( Ix )
lOOmM T ris -H C l 
100 mM B o ric  A c id  
Im M  EDTA 
pH 8.3
pH should be c o rre c t, do not adjust.
1% Agarose Solution
P repare  a 1% (w /v ) so lu tion  o f Agarose (Type II, Sigma) in  I x  runn ing  b u ffe r. 
The m ix tu re  is dissolved by hea ting  in  a bo iling  w a te r bath . Th is  so lu tio n  can 
be stored  m o lten  in  a screw  cap b o tt le  a t 6 5 *0 . How ever, fresh  s tock  should be 
prepared every fe w  weeks, o the rw ise  re su lting  gels tend  to  be b r i t t le  and thus 
d i f f ic u l t  to  handle.
Agarose Load ing B u ffe r
1/5  E lec trophores is  b u ffe r  (as above), 2M sucrose and a fe w  gra ins o f 
brom ophenol blue.
M ln iq e l; B R L M odel H 6
A  m in i-g e l is used as an a n a ly tic a l gel ra th e r than a p re pa ra tive  gel. I t  is 
used to  check the  q u a lity  o f a D N A p repa ra tion  o r to  check th a t  a re s tr ic t io n  
enzym e d igestion  has gone to  com p le tion . This is espec ia lly  usefu l be fo re  
c o m m ittin g  a la rge -sca le  d igest to  a p re pa ra tive  gel.
Seal bo th  ends o f the  gel p la tfo rm  w ith  w a te rp ro o f tape  (U n ive rsa l S c ie n t if ic  
L td ., London, England). Pour 12.5m l o f 1% agarose so lu tion  to  cover the  p la tfo rm  
and pos ition  the  comb. A llo w  the gel to  se t be fo re  covering  w ith  I x  running b u ffe r. 
Rem ove the comb.
M edium  G elt B R L M odel H5
This can be used as an a n a ly tic a l gel o r as a p re pa ra tive  gel fo r  up to  lOOpg 
o f D N A . P repare as fo r  a m in i-ge l, bu t use 35m l o f 1% agarose so lu tion .
V e r tic a l G el: B R L M odel V16
This type  o f gel is s lig h tly  m ore d i f f ic u l t  to  assemble and has tended during  
the  course o f  th is  p ro je c t to  be rep laced  by the  m ed ium -ge l (above). H ow ever, i t  
does g ive  good reso lu tion  o f  fa i r ly  la rge  am ounts o f D N A.
Assem ble the  apparatus w ith  e ith e r 1.5m m  o r 3mm spacers. T ip  back the  gel 
apparatus to  about 45* and pour a pp rox im a te ly  50m l o f 1% agarose so lu tion  in to  
the  bo tto m  trough . A llo w  th is  to  set, thus fo rm in g  a plug. R e tu rn  th e  gel system  
to  a v e r t ic a l pos ition  and f i l l  up w ith  gel so lu tion . Inse rt th e  com b and a llo w  the 
gel to  set. F i l l  bo th  top  and bo tto m  troughs w ith  I x  running b u ffe r. R em ove com b.
Large  Slab G e l; B R L M odel HO
Large  slab gels are used fo r  p repara tions o f lOOpg or m ore o f D N A .
F ir s t  p repare 2% agarose in  I x  agarose running b u ffe r to  fo rm  w icks. Once 
these have se t, p lace the gel tra y  in  the apparatus and pour in  1% Agarose so lu tion  
to  a depth o f about 3mm (2Q0-25Clml). P os ition  the comb and a llow  to  se t. A ga in  
f i l l  bo th  troughs w ith  I x  runn ing b u ffe r.
3.5.b. Running o f 1% agarose gels
M ix  sam ple w ith  | x  vo lum e o f load ing  b u ffe r (3.5.b) and app ly to  the  sam ple 
w e ll.  E lec trophores is  is ca rrie d  o u t a t 100m A u n til the brom ophenol b lue (500- 
800bp) has tra v e lle d  the  desired d istance, dependent upon the size o f the  s p e c ific  
sam ple being e lectrophoresed.
Once e lectrophores is  is com p le te , rem ove the  gel and s ta in  fo r  15 m inu tes  In 
a so lu tion  o f e th id ium  brom ide  (lO p g /m l). P lace the  gel on a U .V . illu m in a to r  
(M odels C -6 Z, TM -36 , U .V . P roducts , W incheste r, H an ts.) and photograph (P o la ro id  
Cu-5 land cam era and 655 p o s itive /n e g a tive  f i lm ) .
3 .5 .c. R ecovery o f DNA fro m  agarose gels
Various methods o f recovering  D N A fro m  agarose gels have been tr ie d  during  
the  course o f th is  p ro je c t. H ow ever the  m ethod shown here has proved to  be the 
m ost re lia b le . Th is m ethod (o rig in a lly  described by M cD onne ll e t a l. (1977) ) 
invo lves e le c tro e lu tio n  of. the  D N A band in  a d ia lys is  bag.
P repa ra tion  o f D ia lys is  Tubing
A lw ays  wear gloves when handling d ia lys is  tub ing. C u t the  tub ing  in to  pieces 
of. conven ient leng th . B o il fo r  10 m inu tes  in  a la rge  vo lum e o f  2% sodium  
b ica rbonate  and Im M  ED TA. R inse the tub ing  tho rough ly  in  d is t ille d  w a te r. B o il 
fo r  10 m inu tes in d is tille d  w a te r. A llo w  to  cool and s to re  a t 4 “ C.
E le c tro e lu tio n
H aving  loca lised  the  band o f in te re s t by U .V . illu m in a tio n , using a sharp 
scalpel, c u t ou t the  s lice  o f agarose con ta in ing  the band. Wash a p iece o f d ia lys is  
tub ing  (see above fo r  p repa ra tion ) inside and o u t w ith  d is tille d  w a te r. Seal one end 
w ith  a su itab le  c lip . F i l l  the  bag to  o ve rflow ing  w ith  0 .5x running b u ffe r  (3 .5 .a.). 
H o ld ing  the  neck o f the  bag, p ick  up the  gel s lice  w ith  c lean fo rceps and p lace  in 
th e  f lu id - f i l le d  bag. A llo w  the  gel s lice  to  s ink to  the b o tto m  o f  the  bag. Rem ove 
m ost o f the b u ffe r, leav ing  ju s t enough to  keep the  gel s lice  in  constan t co n ta c t 
w ith  the e lec trophores is  b u ffe r. Seal the  bag w ith  ano the r c lip  m aking  sure no t to  
tra p  any a ir  bubbles. Im m erse th e  bag in  a shallow  la y e r o f 0 .5x running b u ffe r  in  a 
h o rizo n ta l gel tank. Pass e le c tr ic  cu rre n t th rough the bag fo r  2-3 hours (lOQV). 
Reverse the  p o la r ity  o f the  cu rre n t fo r  2 m inutes, w h ich  is ju s t enough tim e  to  
re lease the D N A  fro m  the  in n e r w a ll o f the  d ia lys is  tub ing, bu t no t long enough to  
le t  i t  run  back in to  th e  ge l s lice .
Rem ove one c lip  and recover a ll the b u ffe r, using a pasteur p ip e tte , in to  a 
s ilicon ised  15m l oorex tube. Wash ou t the bag w ith  a sm a ll am ount o f 0.5x 
e lectrophoresis b u ffe r . I t  is a good idea a t th is  p o in t to  re -s ta in  the  gel p iece in  
e th id ium  brom ide to  check th a t  a ll the  D N A  has indeed been e lu ted , then proceed 
as fo llo w s . Measure the  e lu tio n  volum e. Add l / lO  vo lum e o f 3M sodium  a ce ta te  
pH 5.6 and 3x ( to ta l aqueous vo lum e) ice -co ld  e thano l. M ix  tho rough ly  and p lace  a t 
-2 0 *C  overn igh t. P u t a t -7 0 *C  in  dry ic e /m e th y la te d  s p ir its  fo r  30-60 m ins and 
p e lle t the  D N A  by c e n tr ifu g a tio n  a t 10,000rpm  fo r  10 mins a t -1 0 °C . Pour o f f  the 
superna tan t and dry the p e lle t under vacuum  fo r  10-15 m ins. Redissolve in  0 .4m l 
o f 0.3M sodium  a ce ta te  and tra n s fe r to  a 1 .5m l po lypropy lene  E ppendorf tube. 
C e n tr ifu g e  (995Dg) fo r  5 m ins to  p e lle t any rem a in ing  traces o f agarose. Rem ove 
the  superna tan t in to  a c lean eppendorf tube. To th is , add 1m l o f  ic e -c o ld  e thano l 
and p re c ip ita te  a t -7 0 *C fo r  15-30 m ins. C e n tr ifu g e  (9950g) fo r  5 m ins and d iscard  
the  supernatant. R e -p re c ip ita te  the  D N A  p e lle t w ith  lOQpl o f Ü.3M sodium  ace ta te  
and 300^.1 o f ice -co ld  e thano l. C e n tr ifu g e  as be fo re . Wash
D N A  p e lle t in  300^1 o f ice -co ld  80% e thano l, c h il l a t -7 0 *C  fo r  5 m ins and re - 
c e n trifu g e . D isca rd  the  superna tan t and d ry  the  p e lle t under vacuum . Take up in  a 
su itab le  vo lum e o f TE b u ffe r, pH 8.0 and s to re  a t 4 “ C o r -2G*C.
3.5.d. P repa ra tion  o f  4% ac ry la m id e  gel
E lec trophores is  B u ffe r
Gels are run in  I x  TBE b u ffe r  (3 .5 .a.)
A c ry la m id e  S tock
19% A cry la m id e
1% N, N -m ethy lene  b isacry lam ide
D eionise by s t ir r in g  over A m b e r lite  M B l m ixed  bed resin  {5 g /l0 0 m l o f 
so lu tion ) fo r  30 m inutes. F i l te r  to  rem ove the  res in  and s to re  a t 4 °C .
4% A c ry la m id e  Gel M ix
1 0 m l acry lam ide  s tock  
5m l IQ x TBE 
5 m l g lyce ro l 
30m l H 2 O
0.4m l 10% am m onium  persulphate, fre sh ly  prepared.
A c ry la m id e  Load ing B u ffe r 
50% g lyce ro l in  I x  TBE 
0.05% X ylene  cyanol 
0.05% brom ophenol blue
V e r tic a l G elt B R L  M odel V16
Assem ble the gel apparatus w ith  1.5m m  spacers, in c lud ing  one across the
b o tto m  o f the gel p la tes. To 5m l o f gel m ix  (see above) add 40pl o f T.EMED and 
using a pasteur p ip e tte ^ le t the m ix  run  down the  side space rs ,fo rm in g  a seal down 
bo th  sides and across th e  bo tto m . O nce th is  has se t (5 m ins), add 30pl o f TEMED to  
th e  rem a in ing  m ix  and pour the  m ain  gel. In se rt comb and a llo w  to  set. Remove 
the  b o tto m  spacer and c lam p the p la tes to  the  gel tank. F i l l  both  troughs w ith  I x  
e lectrophores is  b u ffe r  and rem ove the  comb.
3.5.e. Running o f 4% acry lam ide  gel
P re -ru n  the  gel fo r  a t leas t 30 m inutes a t 200V. M ix  sam ple w ith  load ing  dye 
(3pl o f  dye per lO p l o f  sample) and apply to  gel. C a rry  ou t e lec trophores is  a t 200V 
u n t il the dyes have tra v e lle d  the requ ired  d istances (Brom ophenol b lue tra v e ls  a t 
70bp w ith  the  s low er m oving dye xylene cyanol tra v e llin g  equ iva le n t to  350bp). 
Once e lec trophores is  is com p le te  s ta in  and v iew  as fo r  agarose gels (3 .5.b .)
3 .5 .f. R ecovery  o f D N A  fro m  acry lam ide  gels
A c ry la m id e  E lu tio n  b u ffe r
0.5M  A m m onium  A c e ta te
O.OIM M agnesium  A c e ta te
0.1% SDS
Im M  EDTA
H aving s ta ined  and photographed the  gel, c u t ou t the  desired band and add to  
a la rge  blue eppendorf t ip  (p rev ious ly  sealed a t the  narrow  end and p lugged w ith  
s ilicon ised  glass w ool). G rind  the  gel p iece w ith  a c lean glass rod. A dd  0.6m ls o f 
acry lam ide  e lu tio n  b u ffe r  (see above) and seal to p  o f  t ip  w ith  N e sco film . P la ce  in 
a 15m l s ilicon ised  C orex tube , seal w ith  N e sco film  and stand a t 37®C overn igh t. 
C u t o f f  th e  end o f the  t ip  and a llo w  the  e lu tion  b u ffe r  to  d ra in  in to  the  corex tube. 
R inse t ip  w ith  0 .2m l o f e lu tio n  b u ffe r. R epeat rinse  a fu r th e r  3 tim es. To pooled 
e lua te  (1 .4m l) add 2.5 x volum e o f  ice -co ld  e thanol (3 .5m l). M ix  w e ll and stand fo r  
30-60 m ins a t -7 0 *C  in  d ry  ic e /m e th y la te d  sp ir its . C e n tr ifu g e  a t 10,000 rp m  fo r  10
m ins a t -1 0 °C  to  p e lle t the  D N A . Pour o f f  the superna tan t and d ry  p e lle t under 
vacuum . Redissolve In 0 .4 m l o f 0.3M  sodium  a ce ta te  and tra n s fe r  to  a clean 
eppendorf tube. C e n tr ifu g e  fo r  5 m ins (9950g) to  p e lle t any ac ry la m id e  debris. 
T ra n s fe r superna tan t to  a new eppendorf tube , add 1m l o f  ic e -c o ld  e thano l and 
stand a t -7 0 *C  fo r  15-30 m ins. C on tinue  as fo r  agarose gels (3.5.C.).
3.6. P repa ra tion  o f F ragm ents  fo r  M a xa m -G ilb e rt Sequencing
3 .6 .a. Phosphatase tre a tm e n t
The te rm in a l 5' phosphates o f D N A are rem oved by tre a tm e n t w ith  b a c te ria l 
a lka line  phosphatase (BAP) (W orth ing ton , F lo w  Labs. L td .,  Irv in e , Scotland), fu r th e r  
p u r if ie d  accord ing  to  H a ll (1981).
D issolve the  D N A fra gm en t in  90pl o f  TE b u ffe r, pH 8.0. A dd  IG p l o f B A P . 
M ix  w e ll and incubate  fo r  75 m ins a t 37*C . A dd  IDQjil o f  T E -sa tu ra te d  phenol, 
vo rte x  fo r  3 m ins. Separate the phases by c e n tr ifu g a tio n  fo r  5 m ins (9950g). 
T ra n s fe r the  aqueous phase to  a clean eppendorf tube. R e -e x tra c t the  phenol phase 
w ith  IDOpl o f TE. Pool the tw o  aqueous phases. Add 20pl o f 3M sodium  ace ta te  
(pH 5.6) and 600pl o f ice -co ld  e thanol. M ix  w e ll and p re c ip ita te  a t -7 0 *C  in  dry 
ic e /m e th y la te d  s p ir its  fo r  15 m ins. C e n tr ifu g e  to  p e lle t the  D N A . R epea t 
p re c ip ita tio n  w ith  IDOpl o f Ü.3M sodium a ce ta te  and 30Dpl o f e thano l. F in a lly , wash 
w ith  ice -co ld  80% ethano l. C e n tr ifu g e  to  p e lle t the  D N A, rem ove supe rna tan t and 
d ry  p e lle t under vacuum.
3 .6 .b. P o lynuc leo tide  kinase labe llin g
Th is procedure Is fo r  labe llin g  5' p ro tru d in g  ends.
K inase b u ffe r ( Ix )
0.05M T ris -H C l
O.OIM M gC l2
pH 8.0
M ake up a lO x concen tra ted  s tock  and s to re  a t 4 *C .
D isso lve  the  D N A  to  be labe lled  in  2^il o f H 2 O . Add lp.1 o f lO x kinase b u ffe r  
(as above), o f 50m M d ith io th re ito l,  6 p l (60pC i) o f "%-32pATP (5000 C i/m m o le , 
Am ersham  In te rn a tio n a l p ic ., Am ersham , Bucks.) and I p l  (5U) o f  T4 po lynuc leo tide  
kinase (PL B iochem ica ls  Inc ., N o rtham pton). ( I f  the  D N A  to  be la b e lled  has flu sh  
ends, be fore  the  add ition  o f  enzym e, add I p l  o f lO m M  sperm id ine  and hea t to  90°C  
fo r  2 m ins). M ix , spin and incuba te  a t 37*C  fo r  30 mins.
Add 40p l o f 2.5M am m onium  a ce ta te , 160pl o f ice -co ld  e thano l and 
p re c ip ita te  a t -7Q*C fo r  15 m ins. C e n tr ifu g e  (9,950g) and rem ove superna tan t (to  
ra d io a c tive  sink). R e -p re c ip ita te  w ith  lOOpl o f 0.3M sodium a ce ta te , 3G0fil ic e - 
co ld  e thano l. C e n tr ifu g e  again, rem ove superna tan t and wash w ith  300pl o f 80% 
ice -co ld  e thano l. C h ill to  -7 0 °C  fo r  5 m ins. Spin once m ore, rem ove superna tan t 
and d ry  p e lle t under vacuum.
3.6.C. Secondary d igestion  and separation o f la b e lled  ends.
C hem ica l sequencing can on ly be pe rfo rm ed  on a fra g m e n t o f  D N A  la b e lled  
a t one end, th e re fo re  the  D N A  fra g m e n t labe lled  a t bo th  ends (3 .6 .b .) has to  be 
cleaved.
Choose a re s tr ic t io n  enzym e th a t w i l l  c u t th e  D N A  fra g m e n t a s y m m e tric a lly . 
Separate the fragm en ts  by e lectrophoresis on a 4% acry lam ide  gel (3 .5.d .e.). S ta in  
and e lu te  as p rev ious ly  described (3 .5 .f.). I f  the  am ount o f D N A is too  sm a ll to  be 
seen by e th id ium  brom ide s ta in ing , then  the  gel can be auto rad iographed fo r  15 
m ins (Kodak NS-2T no screen f i lm ,  Kodak L td .,  K irb y , L ive rpo o l).
C erenkov count the d ry  p e lle t in  a s c in t il la t io n  coun te r (using th e  t r i t iu m  
channel) to  ob ta in  a measure o f the ra d io a c t iv ity  o f the  sample.
3.7. Sequencing D N A by the M ethod o f M a xa m -G ilb e rt
\
This is the  chem ica l m ethod o f sequencing. A  w e ll docum ented d e sc rip tio n  is
given in  M axam  and G ilb e r t (1980).
3.7.a. Reagents and solutions
D im e thy lsu lpha te  (G old Labe l, A ld r ic h  C hem ica ls, G illing h am , D orse t)
H ydraz ine (Kodak L td .)
P ipe rid ine (K o c h -L ig h t Labs. L td ., C o lnbrook, Bucks.)
D im ethv lsu loha te b u ffe r  (DMS)
50m M sodium cacodyla te
lO m M M gC l2
O .lm M EDTA
pH 8.0
P v rld in iu m  F o rm a te  S olution
4% v /v  fo rm ic  ac id  adjusted to  pH 2.0 w ith  py rid in e  (using 0.0Q5M H 2 SO4  as 
pH  2,0 standard).
DMS Stop Solution
I .5 M  Sodium ace ta te
IM  8 -m ercap toe thano l (K o ch -L ig h t)
lO O pg/m i Yeast tR N A
H ydraz ine  Stop S olution
0.3M  Sodium ace ta te
O .lm M  E D TA
50pg /m l Y  east tR N A
3.7 .b. M o d if ic a tio n  reactions and strand  scission
D issolve the  d ried  D N A  p e lle t in  H 2 O to  g ive a t least 100,000 C erenkov 
counts in  l l p l .  A dd  4p l o f c a rr ie r  D N A ( Im g /m l sonicated c a lf  thym us D N A ). M ix
G G + A C + T C
D N A + c a rr ie r 3.5pl 
DMS b u ffe r  98pl 
DMS D.5nl 
20®C, 5 mins
D N A + c a rr ie r 3.5 p l 
HgO l l p l  
P y r. fo rm a te  2.5pi 
30*C , 70 mins
D N A + ca rrie r 3.5 p l
H 2 O 6 p l 
H ydraz ine  15 pl 
20°C , 8  m ins
D N A + c a rr ie r 3 .5p l 
Sat. N aC I 8 p l 
H yd raz ine  15 p l 
20*C , 10 mins
DMS stop 24pl 
A R  e thano l 400|il 
•70°C , 15 mins
fre eze , -7 0 “ C
lyoph ilise , add 
lO p l H 2 O 
freeze , lyoph ilise
H ydraz ine  stop 60pl 
A R  e thanol 250pl 
-7 0 °C , 15 mins
H yd raz ine  s top  60pl 
A R  e thano l 25Gpl 
-7 0 °C , 15 mins
Table 3.1 Volumes and re a c tio n  tim es  fo r  base m o d ific a tio n  reactions
DMS -  d im e th y l sulphate
P yr. fo rm a te  -p y r id in iu m  fo rm a te
A R  e thano l -  ana la r e thano l (James Burrough L td ., F ine  A lcoho l D iv is io n , London).
tho rough ly  and a liq u o t 3.5 p l in to  each o f 4 s ilicon ised  1 .5m l Eppendorf tubes. I 
ca rrie d  ou t fo u r re a c tio n s ,s p e c ific  fo r  guanine (G), guanine and adenine (G + A), 
cytos ine  and thym in e  (C  + T), and cytos ine  (C). The reactions were ca rrie d  o u t as 
shown in Table  3.1. The re a c tio n  cond itions can be varied, bu t those shown in 
Table 3.1 are o p tim a l fo r  m ost purposes.
F o r G, C  + T, and C, a f te r  p re c ip ita tin g  a t -7 0 “ C  fo r  15 m ins, c e n tr ifu g e  
(9950g) fo r  5 m ins. D isca rd  the  superna tan t ( to  .the ra d io a c tive  sink). A dd  60p l o f 
0.3M sodium a ce ta te  and 20Qpl o f ana la r e thano l and p u t a t -7 0 °C  fo r  15 m ins. 
R e ce n trifu g e  to  p e lle t the  D N A . Wash in  200pl o f 70% e thano l. C h ill a t -7 0 *C  fo r  
5 m ins, c e n tr ifu g e  (9950g), d iscard  th e  superna tan t and d ry  sam ple under vacuum .
To a ll fo u r  tubes, add IGOpl o f IM  p ipe rid ine  (1:9 d ilu t io n  o f  concen tra ted  
p ipe rid ine  in  H 2 O). H e a t to  90*C  fo r  30 m ins. C e n tr ifu g e  (9950g) fo r  30 secs, 
fre eze  in  d ry  ice  and lyoph ilise . Take up in  20pl o f H 2 O, fre eze  and lyo p h ilise . 
R epea t w a te r wash once m ore. C erenkov count the  sam ple as be fo re  (3.6.C.).
3.7.C. D N A sequencing gels
D N A fragm en ts  d if fe r in g  in  leng th  by on ly  1 nuc leo tide  w ere  separa ted by 
e lectrophores is  on 6 % p o lyacry lam ide  gels (40cm  x 20cm x 0.4m m  th ic k )  (Sanger 
and Coulson, 1978).
Gel m ix  ( fo r  2 gels)
30m l o f  20% ac ry la m id e  s tock  (3.5.d.)
10m l o f lO x TBE (3.5.8.)
27m l H 2 O 
42g o f U rea
0.75m l o f 10% am m onium  persulphate 
f i l t e r  and de-gas
Load ing b u ffe r : fo rm am ide  plus a fe w  gra ins o f xylene cyanol. N o te  : pu t
fo rm a m id e  over a fe w  gra ins o f Dowex resin  and take  the  supernatant.
H aving prepared the gel p la tes, make up the  gel m ix  (above), add 40p l o f
T EM ED and pour the  gels. Inse rt comb (14 x 7mm w ells) and a llo w  gels to  set.
P re -run  the  gels fo r  tw o  hours in  I x  TBE b u ffe r  (3 .5 .a .),se ttin g  the  vo ltage  to  
2000 V fo r  43cm  gel p la tes and cu rre n t to  25m A per gel (LKB  2103 pow er supply, 
LK B  Ins trum ents  L td ., LKB  House, South C roydon, Surrey, England).
Idea lly , dissolve the samples in  the appropria te  vo lum e o f load ing b u ffe r  to  
g ive  10,000 C erenkov counts (cpm ) per Ip l .  B o il the  samples fo r  2 m ins, c h il l on 
ice  and load I p l  onto the  gel. The leng th  o f run is chosen so as to  be app rop ria te  
fo r  the  to ta l leng th  o f the  D N A  fra gm en t. Up to  th re e  successive loadings can be 
made on one gel. Samples have to  be rebo iled  be fo re  each load ing. X y lene  cyanol 
runs equ iva len t to  60 bases on a 6 % acry lam ide  gel w ith  7M urea.
F o llo w in g  auto rad iography, i t  is possible to  read up to  180 nuc leo tides fro m  
one gel.
3.7.d. A u to rad iog raphy
A f te r  e lectrophores is , rem ove one o f the  glass p la tes and cover th e  exposed 
gel w ith  c lin g  f i lm .  A u to rad iog raph  a t -7 0 “ C  using Kodak X -o m a t H  f i lm  and an 
in te n s ify in g  screen (C ronex L ig h tin g -P lus , D upon t (U K ), H untingdon, Cam bs, 
England). 10,000 counts per load ing requires an overn igh t exposure. I f  less than 
1 0 , 0 0 0 , increase the  exposure t im e  accord ing ly .
3.8. C lon ing  in to  M13
The a im  o f c lon ing  in to  bacteriophage M13 is to  take  fragm en ts  o f double­
stranded D N A,and using M13 R F  (re p lic a tiv e  fo rm ) D N A  as a ve c to r, produce fro m  
the re su lting  v irus, pure s ing le-s tranded D N A  te m p la te  su itab le  fo r  Sanger "d ideoxy 
sequencing".
3.8.a. P repa ra tion  o f  in se rt and ve c to r
As a ru le , i t  was found b e tte r  to  u tilis e  as fe w  p u r if ic a t io n  steps as possible.
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In se rt
In  m ost cases, i t  is  necessary to  in it ia l ly  separate the in s e rt D N A  fro m  the 
paren t p lasm id by re s tr ic t io n  enzym e d igestion  and agarose gel e lectrophores is . 
This D N A  fra gm en t can then be fu r th e r  re s tr ic te d  fo r  p a r tic u la r  c lon ing  
experim en ts . A f te r  d igestion , hea t in a c tiv a te  a t 70*C  fo r  15 m inu tes. I f  a 
the rm o-s tab le  enzym e has been used, in a c tiv a te  by phenol e x tra c tio n .
V ec to r
A s w ith  th e  p repa ra tion  o f in s e rt, the  s im p les t procedure fo r  the  p repa ra tion  
o f ve c to r is to  c a rry  ou t the  requ ired  enzym e d igest and hea t in a c tiv a te  o r phenol 
e x tra c t. H ow ever, any uncu t c irc u la r  m olecules w il l  subsequently tra n s fo rm  w ith  a 
high e ff ic ie n c y  to  g ive  a high background o f b lue plaques. I f  one wishes to  reduce 
th is  background, p u r ify  the  lin e a r fo rm  o f the  v e c to r by agarose gel 
e lectrophores is . I f  the ve c to r has been linearised  by d igestion  w ith  a s ing le  
enzym e, then subsequent lig a tio n  and tra n s fo rm a tio n  w i l l  again re s u lt in  a high 
background o f b lue plaques due to  re lig a tio n  o f the  vec to r. Th is can be reduced by 
rem oving  the 5’ phosphates w ith  b a c te r ia l a lka line  phosphatase and phenol 
e x tra c tio n . H ow ever, when deciding on any p u r if ic a t io n  step, i t  m ust be borne in  
m ind th a t w h ile  reducing the  background, i t  is also in e v ita b le  th a t th e re  is a 
reduc tion  in  recom b inan t plaques.
3 .8.b. L ig a tio n
L iqase  b u ffe r  ( Ix )
50m M  T ris -H C l
8 mM M gC l2
pH 7.6
This is prepared as a lO x s tock  and s to red  a t 4®C.
The lig a tio n  is ca rrie d  o u t in  a 1 .5m l Eppendorf tube . Use 200ng o f v e c to r 
and a 3x m o la r excess o f  in se rt. C a rry  ou t the  rea c tion  in  a f in a l vo lum e o f  lO p l
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con ta in ing  lp.1 o f lO x ligase b u ffe r  (see above), O .lm M  A TP  and lO m M  
d ith io th re ito l.  I f  the in se rt o r ve c to r p repara tions have not been gel p u r if ie d  or 
phenol e x tra c te d , the  presence o f re s tr ic t io n  enzym e b u ffe r  cancels th e  need to  
inc lude  ligase b u ffe r. Add 0.5 un its  o f T4 D N A  ligase (Bethesda Research 
L ab o ra to rie s  (U .K .) L td ., C am bridge). Incubate  a t 16°C  fo r  2 hrs. D ilu te  the 
volum e 10 fo ld  w ith  a m ix tu re  con ta in ing  I x  ligase b u ffe r, O .lm M  A TP  and lO m M  
D TT. Add 1 u n it o f T4 D N A  ligase and incubate  o ve rn ig h t a t 16“ C. B y ca rry in g  
ou t a tw o  stage lig a tio n  re a c tio n  you fa vo u r tw o  opposing events. A t  h igh D N A 
concen tra tions, in te rm o ie c u la r reac tions  a re  favoured . On d ilu tio n , th e  cond itions  
then favo u r in tra m o le c u la r co llis ions (D uga iczyk  e t. 1975). By c a rry in g  o u t th is  
tw o  stage procedure, we h ope fu lly  produce hybrid  m olecules o f one ve c to r 
con ta in ing  one in s e rt. H ow ever, during the course o f th is  p ro je c t, I have found  th a t 
tra n s fo rm a tio n  w ith  the concen tra ted  lig a tio n  m ix  gives a high e ff ic ie n c y  o f 
recom b inan t fo rm a tion .
3 .8 .c. T rans fo rm a tion
P repa ra tio n  o f C om peten t C e lls
Inocu la te  50m l o f  2x Y T  (3 .1.a .) w ith  0 .5m l o f an o ve rn ig h t c u ltu re  o f  JM 103. 
Shake a t 37*C , u n t il O .D.660 is 0 .3-0 .4 . D uring  th is  tim e ,in o c u la te  5 m l o f 2x Y T  
w ith  5 0 jil o f the p rim a ry  cu itu re  and shake a t 3 7*C  during m aking co m p e te n t ce lls  
to  ob ta in  e xponen tia lly  g row ing ce lls  fo r  p la ting .
C o lle c t the ce lls  by c e n tr ifu g a tio n  a t 2500 rpm  fo r  10 m ins a t 4 “ C . P our o f f  
the  superna tan t and resuspend the p e lle t in  25m l o f  ice -co ld  50m M C aC l2 . Keep on 
ice  fo r  20 m ins. C e n tr ifu g e  a t 4000 rpm  fo r  10 m ins a t 4®C and resuspend th e  ce lls  
in  5m l o f 50mM C aC l2 - Keep on ice  u n til ready to  use.
T rans fo rm a tion  and P la tin g  O ut
A liq u o t 0 .3m l o f com pe ten t ce lls  to  5m l s te r ile  snap cap tubes. A dd  the 
lig a tio n  m ixes. A lso , as a check o f tra n s fo rm a tio n  e ffic iency^  add In g  o f uncu t
ve c to r to  1 tube o f ce lls . Keep a ll tubes on ice  fo r  40 m inutes. D u ring  th is  tim e  
m e lt  some s o ft top agar (3 , l.b .)  and keep in  a 42*C  w a te r bath . A f te r  the 40 
m inu te  incuba tion  on ice, hea t shock the tra n s fo rm a tio n  m ixes a t 42 “ C  fo r  2 m ins. 
P lace a t room  tem pe ra tu re  w h ile  adding o th e r ing red ien ts  to  th e  s o ft top  agar. To 
3m l o f  agar add 25p l o f  2% X -G a l (5 -b ro m o -4 -ch lo ro -3 -in do ly l-B -ga la c tos Id e , 
(S igma): 2% in  d im e th y l- fo rm a m id e ), 2 5 jil o f LOOmM IP TG  (Iso p ro p y l-6 -D - th io -  
galactopyranoside. Sigma), and 0 .2m l o f  e xponen tia lly  g row ing ce lls . M ix  and add 
to  the  tra n s fo rm a tio n  m ixes and pour onto Y T  p la tes (3 .1,b .). A llo w  th e  p la tes to  
set, in v e rt and incuba te  a t 37*C  overn igh t. T ransfo rm ed  ce lls  show up as plaques 
on a law n o f u n in fe c te d  ce lls . W h ite  plaques in d ica te  tra n s fo rm a tio n  by 
recom b inan t m olecules and thus provide the s ta r t in g  m a te r ia l fo r  s ing le -s trand  
te m p la te  p repara tion .
3.9. P repa ra tion  o f S ingle-S tranded Tem p la te
I t  is im p o rta n t to  ensure th a t a ll equ ipm ent and reagents a re  nuclease fre e  to  
p reven t random  n ick ing  o f the D N A . G lassware should be washed, rinsed 
tho rough ly  in  d o u b le -d is tille d  w a te r and heat s te r ilise d . P la s tic  ware such as 
eppendorf tubes and disposable p ip e tte  tips  should also be s te r ilis e d . W ear gloves 
th roughou t the  procedure.
Up to  24 s ing le -s trand  preps can be handled co m fo rta b ly  in  one day. P ip e tte  
s u ff ic ie n t 2x Y T  fo r  the  num ber o f plaques being p icked  in to  a s te r ile  glass tube 
(1 .5m l per plaque). To th is ,a d d  1/lOOx volum e o f  an o ve rn ig h t c u ltu re  o f JM 103. 
M ix  w e ll and a liq u o t 1 .5m l in to  each o f the requ ired  num ber o f 10m l s te r ile  snap 
cap tubes. Inocu la te  each tube w ith  a s ing le  w h ite  plaque using s te r ile  wooden 
c o c k ta il s ticks . I t  Is im p o rta n t to  have good ae ra tion  o f the  b a c te r ia  during  
subsequent g row th  phase, so shake the  tubes hard  (350 rpm ) a t 3 7 °C  fo r  5 hours. 
T ra n s fe r to  1 .5m l Eppendorf tubes and c e n trifu g e  fo r  5 m ins (9950g). T ip  o f f  the  
superna tan t in to  a new eppendorf tube. S to re  the  b a c te r ia l p e lle t  a t 4 *C  (th is
prov ides a double-stranded s tock  o f recom b inan t m olecules). I t  is  im p o rta n t to  
rem ove a ll rem a in ing  traces o f ce lls  fro m  the supernatant, as co n ta m in a tion  by 
chrom osom al D N A on the subsequent sequencing gels gives rise  to  a high 
background o r sm earing e ffe c t  down the  leng th  o f the gel. To e lim in a te  th is , 
c e n tr ifu g e  the  supernatant once m ore and c a re fu lly  p ip e tte  1 - 1 .2 m l in to  a new 
eppendorf tube. Add ZOQpl o f 20% po lye thy lene  g lyco l (PEG) 2.5M sodium ch lo ride , 
vo rte x  w e ll and leave a t room  tem pe ra tu re  fo r  30 m inutes. C e n tr ifu g e  fo r  5 m ins 
(9950g), A t  th is  stage a w h ite  v ira l p e lle t is v is ib le  a t the  bo tto m  o f the  tube. 
D raw  o f f  the superna tan t using a d raw n-ou t pasteur p ip e tte  connected to  a w a te r 
pump. C e n tr ifu g e  fo r  3 m ins to  ga ther any residua l PEG o f f  the w a lls  o f the  tube. 
D raw  o f f  as befo re . I t  is ve ry  im p o rta n t to  ensure th a t no traces  o f PEG rem a in , 
as subsequent sequencing gels would show spurious e x tra  banding i f  a ll PEG were 
no t rem oved. The v ira l coa t p ro te ins  are rem oved by e x tra c tio n  w ith  phenol. Add 
20Qpl o f TE, IQOpl o f TE sa tu ra ted  phenol and vo rtex  fo r  10 secs. S tand fo r  5 mins 
and then vo rtex  again. C e n tr ifu g e  (995Gg) fo r  5 m ins and tra n s fe r  the  aqueous 
phase to  a clean eppendorf tube. A dd  20p l o f  3M sodium a ce ta te  (pH  5.6) and 50Qpl 
o f ice -co ld  e thano l. M ix  w e ll and p re c ip ita te  a t -2 0 *C  o ve rn ig h t. T ra n s fe r to  -  
70*C  fo r  30 m ins. C e n tr ifu g e  (9950g) fo r  5 m ins to  p e lle t the  D N A . D isca rd  the  
supernatant. Wash the p e lle t w ith  300^1 o f 80% e thano l. C h ill a t -7 0 *C  fo r  5 m ins. 
C e n tr ifu g e  and d ry  the D N A  p e lle t under vacuum . Take up in  20p l o f TE, pH  0.0. 
I t  is a good idea to  check th a t the  v irus has grown and th a t te m p la te  m a te r ia l has 
been successfu lly  recovered. T he re fo re  run 2 .5p l o f the sample on a 1% agarose 
gel. S tore  the  re s t o f the te m p la te  a t -2 0 *C , ready fo r  sequencing.
3.10. Sequencing by the Sanger "d ideoxv m ethod"
Several va ria tion s  were a tte m p te d  (discussed in  C hap te r 2) b e fo re  f in a l ly  
decid ing to  c a rry  out sequencing using the  Am ersham  sequencing k it .
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Prov ided  in the  K it
The k i t  conta ins lO m M  stocks o f each o f the  4 nuc leo tide  triphosphates and 
the  4 dideoxy nuc leo tide  triphosphates, chase so lu tion  (0.5m M m ix tu re  o f each o f 
the 4 dNTP's), D N A  polym erase 1 (K lenow  fragm en t), k lenow  re a c tio n  b u ffe r  
(annea ling /reac tion  b u ffe r)  and a 17-m er M13 p rim e r.
T he re fo re  th e  on ly reagen t n o t conta ined in  the  k i t  is the  ra d io a c tive  
nuc leo tide . In  th is  w ork, I have used [a-35s]dATP o5 a t >600 C i/m m o le  
(Am ersham ).
3.10.a. W orking so lu tions
Use on ly s te r ile  d ou b le -d is tille d  w a te r fo r  a ll d ilu tions . S tore  a ll nuc leo tide  
s tocks and w o rk ing  so lu tions a t -20®C.
deoxy NTP w o rk ing  so lu tions; D ilu te  the  lO m M  stocks supplied in  w a te r (1 in  20),to  
g ive  0 .5m M  w o rk ing  so lu tions. Q.5mM dATP is no t requ ired  when sequencing w ith  
[a^5s]dATPaS.
deoxy NTP m ixes (A * , C °. G °. T ° ) ; m ^ e  up as fo llo w s :
0
A C G !
0.5m M  dCTP 2 0 n l Ip l 2 0 pl 2 0 pl
0.5m M  dGTP 2 0 j i l 2 0 t il I p l 2 0 pl
0 .5m M  dTTP 2 0 f il 2 0 j i l 2 0 p j I p l
I x  TE, pH 8.0 2 0 nl 2Djil 2 0 [ il 2 0 i i l
d ideoxy NTP w ork ing  so lu tions: I t  is  possible to  " f in e -ta n e "  the  chain  te rm in a tio n  
re a c tio n  by a lte r in g  the ddNTP concen tra tions. Increasing the  d ideoxynuc leo tide  
concen tra tions resu lts  in  sh o rte r fragm ents , w h ile  lo w e r concen tra tions  re s u lt in  
less fre qu e n t chain te rm in a tio n  and hence longer fragm ents . Thus the  dideoxy 
concen tra tions can be a lte re d  to  su it the  p a r tic u la r  D N A  being sequenced. F o r 
IB S rD N A  I  have found the fo llo w in g  concen tra tions to  be idea l. 25 jiM ddA TP , 
33jiM ddCTP, 75pMddGTP and 500pMddTTP, D ilu tio n s  o f th e  lO m M  stocks were 
made in  w a te r.
O b ”
dN TP/ddN TP m ixes (A . C, T m ix)
To each dNTP m ix , add an equal vo lum e o f  the  corresponding ddNTP w ork ing  
so lu tion .
3 .10.b. A nnea ling  rea c tion
The f i r s t  stage o f the sequencing re a c tio n  is to  anneal th e  p r im e r to  the  
s ing le-s tranded tem p la te . C a rry  ou t the  re a c tio n  in  a 1 .5m l E ppendorf tube. A dd 
5^1 o f s ing le-s tranded D N A  te m p la te , l | i l  o f p rim e r, l,5 y .I o f K lenow  re a c tio n  
b u ffe r  and 2.5p.l o f d ou b le -d is tille d  w a te r. M ix  and incubate  in  a 6 5 °C  in cu ba to r 
fo r  1-2 hrs. The annealing re a c tio n  can be c a rr ie d  o u t the  day be fo re  the  
sequencing re a c tio n . I f  so, s to re  the  annealed p r im e r/te m p la te  m ix  a t -2 0 °C .
3.10.c. Sequencing; po lym erisa tion  reactions
Thaw  the dNTP/ddNTP m ixes, the chase m ix tu re  and the  la b e l and s to re  on 
ice. I f  the  annealing reactions have been c a rrie d  ou t on the  prev ious day, a llo w  the 
p rim e r-te m p la te  m ixes to  come up to  room  tem peraure . The sequencing reactions 
are ca rrie d  ou t in  1 .5m l eppendorf tubes. F o r each clone being sequenced, labe l 4 
tubes A , G, C  and T . F o r ease o f m an ipu la tions, i t  is best to  rem ove the  caps. 
A rrange  the tubes in  an eppendorf rack  t i l te d  fro m  the h o rizo n ta l. The sequencing 
reac tions  are ca rrie d  ou t a t am b ien t tem pe ra tu re . To the  annealed p r im e r- 
te m p la te , add 15|iC i o f labe lled  nuc leo tide  and 1 u n it  o f K lenow  fra g m e n t. M ix  
w e ll and a liq u o t 2 .5 fil ju s t inside the r im  o f each o f the labe lled  tubes. To each 
tube, spot 2 fil o f the  re le va n t dNTP/ddNTP m ix, being ca re fu l no t to  touch  the 
prev ious add ition . Spin b r ie f ly  (9950g) to  m ix  and thus s ta r t  the  po lym erisa tion  
reactions. A llo w  the  reac tions  to  continue  fo r  20 m inutes. D u ring  th is  t im e , the re  
m ay be some "pausing" o f p r im e r extension due to  the low  co nce n tra tio n  o f  the  
labe lled  nuc leo tide  dATP. Spot 2p l o f chase m ix  ju s t inside the  r im  o f  each tube 
and again m ix  w ith  a b r ie f spin a t 20 m inu tes. Chasing w ith  co ld  dATP w il l  co n ve rt 
in to  high m o lecu la r w e igh t m a te r ia l, any "paused" chains w h ich  have not
in co rpo ra ted  a d ideoxynucleo tide . S top the  reactions a fte r  a fu r th e r  20 m inutes by 
the  add ition  o f A jil o f fo rm arn ide  dye (prepared as p rev ious ly  described (3 .7 .c .) w ith  
the  add itio n  o f brom ophenol b lue). The samples are now ready to  be run on a 
sequencing gel.
3 .10 .d. S e lective -S creen inq  (T -tra ck in q )
T -tra c k in g  is m ost usefu l fo r  p rim a ry  screening in  a random  clon ing  
expe rim en t. B y ca rry in g  ou t only one re a c tio n  on a la rge  num ber o f s ing le -s trand  
tem p la tes , i t  is possible to  p ick  o u t the  m axim um  num ber o f unique sequences fo r  
subsequent f u l l  sequence analysis.
A nnea ling  R eaction
F o r each 10 clones, make up 4p l o f  p r im e r, 6 j i l  o f K lenow  re a c tio n  b u ffe r  and 
12pl o f d o u b le -d is tille d  w a ter. Add 2 \il o f th is  p rim in g  m ix  to  the  re q u ired  num ber 
o f  500pl m ic ro ce n tr ifu g e  tubes. A dd  2^1 o f D N A  tem p la te  to  each tube . M ix  and 
incubate  fo r  1-2 hours in  a 65“ C  incuba to r. B r ie f ly  spin con ten ts  to  th e  bo tto m  o f 
the  tube.
Sequencing R eaction
O
To 16y.l o f T /ddTTP m ix , add 3 0 jiC i o f labe lled  nuc leo tid e  and 2 u n its  o f 
K lenow  fra gm en t. M ix  w e ll and spot 2pl inside each tube o f annealed p r im e r-  
te m p la te  m ix . S ta r t the re a c tio n  w ith  a b r ie f spin. C a rry  on e x a c tly  as fo r  f u l l  
sequencing p ro toco l,us ing  on ly I p l  o f  chase m ix  and I p l  o f  fo rm arn ide  dye.
3.10.6. Running the gels
P repare  6 % acry lam ide  gels as p rev ious ly  described (3.7.C.), th is  t im e  using 
26 X 4m m  combs. B o il the samples fo r  3.5 m inutes and load 2p l o f each. Run the 
gels a t 30m A and 40 w a tts . To m axim ise  the leng th  o f sequence th a t  can be
-30-
dete rm ined  fro m  each clone, tw o  separate loadings are necessary. Run one loading 
fo r  4.5 hours and the  o the r fo r  1.5 hours, o r u n til the brom ophenol b lue reaches the 
b o tto m  o f the  gel. U nder these cond itions, th e  brom ophenol b lue runs a t th e  same 
pos ition  as the unlabe lled  p r im e r and f i r s t  fe w  bases, equ iva len t to  app ro x im a te ly  
20 nuc leo tides in  to ta l.  I t  is m ost conven ient to  load these samples a t the  same 
tim e  on tw o  separate gels. How ever, i t  is possible to  run  them  both  on the  same 
gel i f  necessary. I f  th is  is so, re -b o il the samples be fo re  load ing  the sh o rte r run. I t  
is possible to  read 250-300 nuc leo tides fro m  th e  tw o  loadings.
3.1G.f. A u to rad ioo raohy
A f te r  ge l e lec trophores is , rem ove one o f  th e  glass p la tes  and f ix  th e  gel in  2 
l it re s  o f 10% m ethanol, 10% a ce tic  ac id  fo r  30 m inutes. D ra in  fo r  a fe w  m inutes 
and then la y e r a w e t p iece o f 3M M  f i l t e r  paper on top  o f the gel, being c a re fu l not 
to  tra p  any a ir  bubbles. In ve rt, and l i f t  o f f  the  glass p la te  leav ing  the  ge l a ttached  
to  the paper. C over w ith  c lin g  f i lm  and d ry  fo r  a p p ro x im a te ly  20 m inu tes on a gel 
d r ie r  a t 80°C  (B io  Rad, Slab Gel D r ie r  M odel 1125B, B io  R ad C h em ica l D iv is ion , 
R ichm ond, C a lifo rn ia ). The advantages o f d ry ing  the  gel are tw o  fo ld . F irs t ly ,  
d ry ing  gives im proved reso lu tion  o f the bands. Secondly, d ry ing  is especia lly  
im p o rta n t when using ^5$ la b e l,a s  th is  ra d ia tio n  has a pen e tra tio n  o f  on ly a fe w  
pm . A f te r  d ry ing, rem ove the  c lin g  f i lm  and expose o ve rn ig h t a t room  tem pe ra tu re  
using F u ji R X  f i lm  (H an im ax (U K ) L td . ,  H an im ax House, Swindon) and a s ide -lock  
cassette (Kenex (E -M ) L td ., Lang ley House, H a rlow ). A  longer exposure m ay 
subsequently be requ ired .
X b /M -----------------------------------------------------------------------------------------------------------100
Xb/X4_________________________________________________________________ 1600
X .b/X l-------------------------------------------------------------------------------------------------------------1700
X'b------------------------_ A ---------------------------------------------------------;---------------------1800
X .l [
X.tj6ci---------------------------  182 5
F igu re  4.1 C om para tive  data  on the 18S gene reg ion  o f X . borea lis  and X. iaevis 
p r io r  to  th is  studv
The com ple te  iaev is  sequence was dete rm ined  by Salim  and Maden (1901). 
L im ite d  data fo r  Xenopus borea lis  covered the 5' 163 nuc leo tides and the 3' 
235 nucleo tides (Fu rlong  and Maden, 1983).
C om parison o f the tw o  sequences dem onstrates a single base s u b s titu tio n  (C 
— > A ) a t nuc leo tide  1723, num bering accord ing  to  the Xenopus Iaevis data.
Region to  be covered is th is  study:
X b a l---------------------------------------------------------------------------   EcoRI
C H A P TE R  4
AN ALYSIS  OF THE IBS rP N A  N U C LEO TID E  SEQUENCE OF XENOPUS B O R E A U S  
A N D  COM PARISON WITH XENOPUS LAEVIS
P rio r  to  th is  present s tudy, on ly a fe w  hundred nuc leo tides o f Xenopus 
borea lis  IBS rD N A  sequence have been ava ilab le  fo r  com parison w ith  Xenopus 
Iaevis (Furlong  and Maden, 1983). A  s ing le  d iffe re n ce  was found to  occur about 100
nucleo tides fro m  the  3' end o f the gene (F igure  4.1.). This d iffe re n ce  is a C  > A
su bs titu tion  w h ich  lie s  in  a reg ion a lready known to  be va riab le  in  comparisons 
between the  IBS genes o f m ore d is ta n tly  re la ted  eukaryo tes. O the r such 
phy log e ne tica lly  va riab le  regions e x is t w ith in  the  IBS gene. The in i t ia l  o b je c tive  in  
th is  present study was to  extend the com parison o f the tw o  Xenopus species by 
com p le ting  the analysis o f  the IBS nuc leo tide  sequence fo r  Xenopus borea lis .
4.1. P repara tion  o f the  in te rn a l reg ion o f IBS rD N A  fro m  X . borea lis  clone
p X b r lO l
P lasm id  p X b r lO l and i ts  subclone p X b r lO lA  were used as sources o f D N A  fo r  
the  m ain sequence analysis (see F igu re  4.2). The pa ren t clone conta ins a com p le te  
rD N A  tra n s c r ip tio n  u n it  bound by H in d  I I I  re s tr ic t io n  s ites  cloned in to  the  H in d  I I I  
s ite  o f pM B9. The subclone p X b r lO lA  conta ins the  in d ica ted  H in d  III/E c o R I 
fra gm en t cloned in to  pAT  153 (F igu re  4.2. (b)). The reg ion  to  be sequenced in  th is  
study is bound by an Xba I s ite  a t 158 nuc leo tides and an E coR I s ite  a t 1597 
nucleo tides (F igu re  4.1). To s im p lify  the subsequent p repa ra tion  o f re s tr ic t io n  
fragm en ts  fo r  sequence analysis, I  decided to  excise th is  reg ion  fro m  the  plasm ids. 
p X b r lO l o r p X b r lO lA  was digested w ith  X ba l and EcoR I. This re su lts  in  the reg ion  
o f in te re s t being d iv ided  In to  tw o  fragm en ts , due to  the  presence o f a second Xba I
F igu re  4.2» P repa ra tion  o f the  185 Gene Region fro m  p X b r lO l and p X b r lO lA
F igu re  (a) shows the  regions o f ribosom al. D N A  conta ined in  plasm ids 
p X b r lO l and p X b r lO lA . (b) shows th e  o rie n ta tio ns  o f these fra gm en ts  in  pMB9 
and pAT  153 re spec tive ly .
lOOpg o f each o f the  tw o  plasm ids w ere  digested w ith  EcoR I and Xbal. 
The re su lting  fragm en ts  were separated by e lectrophores is  through a 1% 
agarose slab gel. The bands a re  num bered in  o rde r o f decreasing size (c).
Band 3 fro m  p X b r lO l and band 2 fro m  p X b r lO lA  con ta in  the fra gm en t 
XbaIC260)/EcoRI (1597).
Band 6  fro m  p X b r lO l and band 3 fro m  p X b r lO lA  co n ta in  the  sm a ll Xba I 
fra g m e n t (158-260).
These bands were c a re fu lly  excised fro m  the  gels and e lu ted  In 
p re pa ra tio n  fo r  subsequent sequence analysis.
5-8 s 
ITS1 IT S 2
18 S28 S 28S
ET S
K HH
•pXbr lOIA
is>
p X b r l O I  
— >
ITT
co
FIG URE 4.2
s ite  about 100 nucleo tides dow nstream  fro m  the  f i r s t  (F igu re  4.2(a)). R e s tr ic t io n  
fragm en ts  w ere  separa ted by gel e lectrophores is  (F igu re  4.2(c)) and the appropria te  
bands e lu ted  and w orked up ready fo r  subsequent analysis (M ethods, 3.5(a), (b), (c)).
4.2. Sequencing S tra tegy
The reg ion  o f  the  sequence dete rm ined  here extends fro m  the  Xba I s ite  a t 
158 nuc leo tides to  the  E coR I s ite  a t 1597 nucleo tides. Th is reg ion  has a lready been 
sequenced in  X . Iaevis and so a de ta ile d  re s tr ic t io n  map was ava ilab le  (Salim  and 
Maden, 1981). I t  seemed lik e ly  th a t  the  same re s tr ic t io n  s ites w ould be p resent in 
X . borea lis  IBS rD N A ,a n d  th is  was found to  be the  case. The s tra te g y  fo llo w e d  is 
shown in  F igu re  4.3. The com p le te  sequence was b u i lt  up fro m  a la rge  num ber o f 
overlapp ing fragm en ts . R e s tr ic t io n  fragm en ts  w ere  5' end-labe lled  and subjected 
to  secondary d igestion  to  produce fragm en ts  labe lled  a t one end as requ ired  fo r  
M a xa m -G ilb e rt sequencing. M ost o f the  sequence was dete rm ined  fro m  both 
strands as in d ica te d  in  F igu re  4.3. O f the fe w  areas where on ly one s tra nd  was 
covered, the app rop ria te  gels gave a c le a r unambiguous reading. Any d o u b tfu l 
readings, due to  com pression e ffe c ts  caused by the  fo rm a tio n  o f lo ca l secondary 
s tru c tu re s , were checked on the opposite strand. The tw o  Xba I s ites  and the 
EcoR I s ite  were used as s ta r t in g  po in ts fo r  sequencing runs, bu t no sequencing runs 
were ca rrie d  ou t th rough these s ites. H ow ever, the y  w ere  p rev ious ly  read through 
in  X . Iaevis.
4 .3 . Com parison o f th e  in te rn a l IBS gene reg ion  o f X . b o rea lis  clone p X b r lD l w ith
the corresponding reg ion  in  X . Iaevis
Com parison o f the  X . borea lis sequence dete rm ined  in  th is  study w ith  the 
repo rted  X. Iaevis data reveals a lm ost com p le te  hom ology w ith in  the  X ba l 
(158)/E coR I (1597) in te rgene  reg ion . On in i t ia l  inspection  ^ I found  tw o  p o in ts  o f 
d iffe re n ce  fro m  the re p o rte d  X . Iaevis sequence. B o th  are discussed in  tu rn  below .
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F igure  4.3 Sequencing s tra te g y  fo r  the  18S gene reg ion o f X . borea lis
clone p X b r lQ l
Sequencing s tra te g y  fo r  the  reg ion  fro m  the f i r s t  X ba l s ite  a t the  5 ' end o f 
the  183 gene to  the  3’ EcoR I s ite . O nly those s ites  used fo r  5* end la b e llin g  are 
noted. The upper (righ tw a rds arrow s) denote the sequencing runs on the  "S" 
s trand  (synonomous to  R N A ). Low er ( le ftw a rd s ) arrow s denote sequencing o f the 
"C " strand  (com p lem enta ry  to  R N A ). F ragm ents are num bered sequen tia lly  
along the "S" and "C " strands fo r  ease o f re fe rence . The a rrow  tip s  in d ic a te  the 
m axim um  leng th  o f sequence read fro m  a p a r t ic u la r  re s tr ic t io n  s ite .
4 .3 .a. Id e n t if ic a t io n  o f an "e x tra "  nuc leo tide  fo llo w in g  G684
The f i r s t  p o in t o f d iffe re n ce  fro m  the published X. Iaevis 185 sequence was 
the  presence o f an A  residue fo llo w in g  G 684 in  the  sequence. H o w e v e r,th is  A  
residue is no t re a d ily  d e te c ted  in  M a xa m -G ilb e rt sequencing gels. R igh tw ards gels 
conta ined  a compression a r te fa c t  due to  loca lised  secondary s tru c tu re  fo rm a tio n , 
wh ich  made i t  im possib le to  de fine  the  nuc leo tide  sequence around th is  area 
(F igu re  4.3., fragm en ts  5 and 6). On f i r s t  inspection , sequencing o f the  le ftw a rd s  
strand  appeared to  p rov ide  the  sequence unam biguously (F igu re  4.3, fra g m e n t 23). 
H ow ever, re inspection  did suggest the p o ss ib ility  o f a s lig h t compression, ju s t 
enough to  mask th e  presence o f a T residue a t th is  po in t.
This A  residue was revealed In it ia lly ,b y  re s tr ic t io n . A n  A  fo llo w in g  G664 on 
the rig h tw a rds  strand  w ould  g ive  an A lu l re co gn itio n  s ite  (AG O T). Several A lu l 
s ites  are present around th is  reg ion  (see top  o f F igu re  4 .4 .). H ow ever, F igu re  4.4 
dem onstra tes how I t  was possible to  co n firm  the  presence o f an A lu l s ite  a t 
pos ition  685. The X ba l/S m a l fra gm en t was re s tr ic te d  w ith  A lu l and the  p roducts 
separated on a 4% acry lam ide  g e l,alongside a H a e lll d igest o f the  S m al/EcoR I 
fra g m e n t w h ich  provided  a pp rop ria te  s ize  m arkers. The le n g th  o f  the  fra gm en t 
extend ing  le ftw a rd s  fro m  the  Sm al s ite  was shown to  be less than  65 base pairs, 
in d ic a tiv e  o f the  presence o f an A lu l s ite  around pos ition  685. In  the  absence o f 
th is  s ite , a fra g m e n t o f about 80 base pairs would have been fo u n d ,e x te n d in g  
th rough to  the next A lu l s ite  a t pos ition  662. Th is was s trong  evidence to  support 
the  presence o f an e x tra  A  residue a t nuc leo tide  685.
The existence o f the e x tra  A lu l s ite  a t th is  p o in t was co n firm e d  by 
sequencing as fo llo w s . A n  A lu l d igest was pe rfo rm ed  on the  X ba l/E coR I fra g m e n t 
and the  re s tr ic t io n  p roducts again separated by po lyaç ry iam ide  ge l e lec trophores is . 
(F igu re  4.5). A n  e x tra  A lu l s ite  would g ive  a fra g m e n t o f 130 base pa irs  extend ing  
fro m  A lu l a t nuc leo tide  816 to  the e x tra  A lu l s ite  a t pos ition  685, ra th e r than  a 
fra gm en t o f 150 base pa irs  (bounded by A lu  662). Inspection  o f the  re la t iv e  
spacings on the  gel does suggest th a t bands 3 and 4 (118 base pa irs) a re  m ore
F igu re  4.4 Id e n tif ic a t io n  o f an e x tra  A lu l s ite  by re s tr ic t io n  analysis
3pg o f the  in d ica te d  X ba l/S m a l fra g m e n t was digested w ith  re s tr ic t io n  
enzym e A lu l.  The tw o  possible re s tr ic t io n  pa tte rns  are shown in  the top 
fig u re .
A  H a e lll size m a rke r d igest was ca rrie d  ou t on the  Sm al/EcoR I (1597) 
fra gm en t.
The p roducts o f d igestion  were separated on a 4% acry lam ide  gel and the 
bands viewed by U .V . illu m in a tio n . F rom  th e  gel i t  can be seen th a t  no band is 
p resent in  the A lu l tra c k  a t 80 nucleo tides. H ow ever, a band is evident 
runn ing  ju s t s lig h tly  ahead o f the  m a rke r a t 65 nuc leo tides. Th is  is  in d ic a tiv e  
o f an e x tra  A lu l s ite  a t pos ition  685. Band 4 in  the  A lu l tra c k  w i l l  now be a 
doub le t conta in ing  th e  sm all 25 and 23 base p a ir  fragm ents .
N o te : The 65 base p a ir  band in  the  H a e lll tra c k  and the  60 base p a ir band in  the 
A lu l tra c k  have lo w e r in te n s itie s  than  expected. These bands run 
co inc iden t w ith  the  xylene cyanol m a rke r dye w h ich  in te r fe re s  w ith  the 
U .V . illu m in a tio n .
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F igu re  4.5 A tte m p t to  sequence righ tw a rds  fro m  the e x tra  A lu  I s ite
5p.g o f the  X ba l/E coR I fra g m e n t was digested w ith  A lu l and the  products 
separa ted on a 4% acry lam ide  gel. I f  the e x tra  A lu l s ite  is rea l, then we 
expect to  ob ta in  a fra g m e n t o f " 1 3 0  nucleo tides ra th e r than - 1 5 0  
nuc leo tides. V iew ing  o f the gel shows bands 3 and 4 to  be ve ry  close tog e the r 
suggesting th a t band 3 is in  fa c t  -1 3 0  nuc leo tides ra th e r than - 1 5 0 .  This 
band was c a re fu lly  exc ised ,labe lled  a t the  5' end and secondary re s tr ic te d  w ith  
B s tN I.
Sequencing was c a rrr ie d  ou t accord ing to  M a xa m -G ilb e rt and the gel is 
shown a t the bo tto m  o f the fig u re . Reading o f the  sequence can be seen to  
s ta r t  a t nuc leo tide  690 in d ic a tin g  th a t la b e llin g  has occured a t nuc leo tide  685 
ra th e r than  a t 662. N uc leo tides are num bered accord ing to  the  com plete  
sequence (F igu ré  4.7).
N ote:Bands 5, 6 and 7 a re  no t v is ib le  on the photograph but cou ld  be seen on 
the o rig in a l gel.
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c lose ly  spaced than  w ould  be expected i f  band ? were 150 base pairs long. 
F ra g m e n t 3 was c a re fu lly  excised fro m  the  gel, 5’ end-labe lled  and subjected  to  
secondary d igestion w ith  B s tN I. F u ll M a xa m -G ilb e rt sequencing was ca rrie d  out 
fro m  th e  le ft-h a n d  end {M ethods 3.7). The re su ltin g  sequencing gel is shown a t the 
b o tto m  o f F ig u re  4 .5 . Reading o f the  sequence com m enced a t nuc leo tide  690 
in d ic a tin g  th e  le f t  hand A lu l s ite  to  be a t pos ition  685 ra th e r than 662.
In  conclusion, a lthough M a xa m -G ilb e rt sequencing gels through th is  reg ion  
fa ile d  to  Id e n tify  the  A  residue a t pos ition  685, the com bined resu lts  o f  A lu  I 
re s tr ic t io n  and sequencing o f the  re le va n t A lu  I  d igestion  p roduc t establishes the 
presence o f the  A  residue.
1 should lik e  to  m en tion  a t th is  p o in t th a t th is  e x tra  nuc leo tide  is no t a rea l 
d iffe re n ce  between X. borea lis  and X . Iaevis. F o r s im ila r  reasons to  those 
described above, M a xa m -G ilb e rt sequencing fa ile d  to  id e n t ify  an A  residue a t th is  
p o in t in  the  X . Iaevis sequence. D ire c t sequencing evidence fo r  the presence o f 
th is  A  residue in  bo th  X. borea lis  and X . Iaevis w il l  be discussed la te r  in  th is  
C hapter.
4.3.b. Id e n tif ic a t io n  o f a base su b s titu tio n  a t nuc leo tide  679
The in te rn a l 1440 nuc leo tides o f the  X . borea lis clone p X b r lO I w ere  found  to  
con ta in  on ly one rea l s ite  o f v a r ia tio n  fro m  the X. Iaev is  I8S  rD N A  sequence. 
There is a G — > A  s u b s titu tio n  a t nuc leo tide  679. Th is reg ion  was sequenced on 
both strands (fragm en ts  5, 6 and 23 in  F igu re  4.3). The re su ltin g  autoradiographs 
are shown in  F igu re  4.6. Sequence o f the  "S" s trand  th rough th is  reg ion  is 
conta ined In  tw o  gels s ta r t in g  fro m  the Taq I  s ite  a t 507 and the  Sau 3A  s ite  a t 
657. B o th  o f these gels dem onstra te  an A  residue a t nuc leo tide  679 (F igu re  4.6(1) 
and (ID). S im ila r ly , sequencing le ftw a rd s  fro m  the  Sma I  s ite  a t 745 shows a 
corresponding T residue on the  "C " s trand  (F igu re  4.6 ( i l l )  ).
Th is p o in t in  the sequence is on ly a fe w  nucleo tides be fo re  the  "e x tra "  A lu  I 
s ite , discussed in  4.3.a. The "com pression a r te fa c t"  th a t conceals the presence o f
F igu re  4.6 Id e n tif ic a t io n  o f a G  > A  base su b s titu tio n  a t  nuc leo tid e  679
Fragm ents 5, 6 an 23 a ll dem onstra te  a base su b s titu tio n  a t nuc leo tide  
679. *  denotes th is  pos ition  on each gel.
F igures (!) and (11) show the  sequencing runs through th is  reg ion  on the 
R N A -lik e  s trand  fro m  Taq I  and Sau3A re sp e c tive ly . B o th  dem onstra te  an A  
residue a t 679.
F igu re  ( i i i )  shows the sequencing run through th is  reg ion on the 
com p lem en ta ry  strand  s ta r t in g  fro m  Smal 745. A  T residue is v is ib le  a t 
pos ition  679.
N uc leo tides  are num bered accord ing  to  the com ple te  sequence (F igu re
4.7),
N uc leo tides a fte r  G664 are num bered to  inc lude  an A  residue a t 665. 
U n ce rta in  nuc leo tides are described according to  Staden (1979). "H " denotes 
m ore than  one G, " a "  denotes th a t the  o rd e r is unclear.
A l l  3 gels dem onstra te  the com p le te  masking o f nuc leo tide  685.
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an A  residue a f te r  G684 on the  r igh tw a rds  s trand  can be seen in  F igures 4 .6 (i) and 
( ii) .  N uc leo tides dow nstream  fro m  th is  p o in t have been num bered accord ing ly  to  
inc lude  the presence o f  an A  residue a t pos ition  685. C lose exam ina tion  o f the  
le ftw a rd s  strand  does show a ra th e r th ic k  band in  the  C  + T  tra c k  a t C686 
suggesting th is  band is superim posed w ith  T685 (F igu re  4 .6 (iii)).
4.3.C. Sum m ary o f the  d iffe re n ces  found between the  com p le te  18S rD N A  
sequence fro m  X . borea lis  clone p X b rlO I and the X . laev is  sequence.
The com p le te  18S gene sequence fo r  p X b r lO l,  ob ta ined  fro m  com bin ing  th is  
p resent w o rk  w ith  th a t o f  F u rlong  and Maden (1983) is shown in  F igu re  4 .7 . There  
are only tw o  d iffe rences  on com parison w ith  the  18S rD N A  sequence o f X . laev is  
Each o f these d iffe re n ces  is a base su bs titu tion . A t  nuc leo tide  679, a G residue in  
X . laev is  is rep laced by an A  in  p X b r lO l. A t  nuc leo tide  1724 (num bering rev ised  to  
inc lude  an A  residue a t 685), a C residue in  X .laev is  is rep laced  by an A  in  p X b r lO l.
Th is in i t ia l  com parison raises the  question ou tline d  in  C h a p te r 2, p. 19. A re  
these s ites  o f v a ria tio n  fix e d  w ith in  each species or is the re  in traspecies 
he te rogene ity  a t these points?
The re m a in e r o f th is  C h a p te r serves to  answer th is  question.
4.4. A na lys is  o f the  s ites  o f va ria tio n  between X» borea lis  and X. laev is  IBS rD N A
in  several m ore clones
4.4.a. A d d itio n a l clones studied
The clones stud ied  in  the  fu r th e r  analysis o f the  tw o  s ites  o f  v a r ia tio n  are 
shown in  F igu re  4 .8 . H aving  ca rrie d  o u t th e  in i t ia l  sequence analysis o f th e  X . 
borea lis  sequence on clone pX b r 101, I stud ied  fo u r add itio n a l clones fro m  the  same 
series, nam ely p X b rl0 3 , 104, 105 and 106. The add itio n a l X . laev is  clones stud ied  
conta ined  both  a m p lif ie d  D N A and chrom osom al D N A . C lones con ta in in g  a m p lif ie d  
D N A  were p X l r lO l ,  102 and 103. The in i t ia l  sequence d e te rm ina tio n  o f X . laev is
F igure  4.7 C om p le te  18S rD N A  sequence fro m  X . borea lis  clone
pXbrlOl
The fig u re  shows the com p le te  IBS sequence fro m  clone p X b r lO l, 
com bin ing  the  e a r lie r w o rk  o f F urlong  and Maden, (1983) w ith  th is  present study. 
The s trand  synonomous to  R N A  is shown. The reg ion  analysed in  th is  study is 
bounded by an Xba I s ite  (T C T A G A ) a t pos ition  158 and an EcoR I s ite  (G A A TTC ) 
a t pos ition  1597.
The tw o  d iffe rences  in  the  X . laev is  sequence are noted by superscrip ts.
The lo ca tion  o f the  "e x tra "  A  residue (resu ltin g  in  an e x tra  A lu l s ite ) is 
in d ica te d . T he re fo re , th is  A  residue becomes nuc leo tide  685 and a ll nucleotides 
dow nstream  are re-num bered "p lus-one" w ith  respect to  the o rig in a l num bering 
o f Salim  and Maden, (1981).
TACCTGOTTG ATCCTOCCAC TAGCATATGC TTGTCTCAAA GATTAAGCCA TGCACCTGTA 60
AGTACGCACG GCCOCTACAO TOAAACTOCG AATGGCTCAT TAAATCACTT ATOGTTCCTT 120
TGATCGCTCC ATCTGTTACT TCCATAACTG TGOTAATTCT AGAGCTAATA CATGCCGACG 180
AGCOCTGACC CCCAGGQATO COTGCATTTA TCAGACCAAA ACCAATCCCG GGCCCCCGCG 240
CCCCCGCCGC TTTGGTGACT CTAGATAACC TCGOGCCGAT CGCACGTCCC CGTGACGGCG 300
ACGATACATT CGGATGTCTO CCCTATCAAC TTTCCATCGT ACTTTCTGCG CCTACCATGO 360
TGACCACGGG TAACGGGGAA TCAGGOTTCG ATTCCGGAGA GGGAGCCTGA GAAACGGCTA 420
CCACATCCAA GGAAOGCAGC AGGCOCGCAA ATTACCCACT CCCGACGCGO GGAGGTAGTG 480
ACGAAAAATA ACAATACAOG ACTCTTTCGA GGCCCTOTAA TTGOAATOAG TACACTTTAA 540
ATCCTTTAAC GAGGATCTAT TGCAGGOCAA GTCTGGTGCC ACCAGCCGCO GTAATTCCAG 600
CTCCAATAGC GTATATTAAA CTTGCTCCAG TTAAAAAGCT CGTAGTTOOA TCTTGGGATC 660
X.l. C
X.b.GAGCTOGCGG TCCGCCGCAA GGCGAGCTAC CGCCTOTCCC AGCCCCTGCC TCTCGGCGCC 720
Alul
TCCCCGATGC TCTTCACTGA GTGTCCCGCC COCCCCAAGC GTTTACTTTG AAAAAATTAO 780
AGTGTTCCAA OCAOGCCGCG TCGCCTOGAT ACTTCAGCTA OGAATAATGG AATAGGACTC 840
CCGTTCTATT TTGTTGCTTT TCOGAACTCG GGCCATCATT AAGAGGGACG GCCGGGCGCA 900
TTCGTATTGT GCCGCTAGAO GTGAAATTCT TGGACCGGCG CAAGACGAAC CAAAGCGAAA 960
CCATTTCCCA AGAATCTTTT CATTAATCAA CAACGAAAGT CGGAGGTTCO AACACGATCA 1020
GATACCCTCG TACTTCCGAC CATAAACGAT GCCCACTACC CATCCCGCGG CGTTATTCCC 1080
ATGACCCGCC GAGCAGCTTC CGGGAAACCA AAOTCTTTGO GTTCCGGGGG CAOTATGGTT 1140
OCAAAGCTGA AACTTAAAGG AATTCACGGA AGCCCACCAC CAGGACTCGA GCCTCCCCCT 1200
TAATTTGACT CAACACGGOA AACCTCACCC GCCCCCGACA CGCAAAGGAT TGACAOATTG 1260
ATAGCTCTTT CTCGATTCTG TCGGTGGTGG TGCATCGCCG TTCTTAGTTC GTGGAGCGAT 1320
TTGTCTGOTT AATTCCGATA ACOAACGAGA CTCCTCCATG CTAACTAGTT ACGCOACCCC 1380
CGGCCOTCGG CGTCCAACTT CTTAGAGOGA CAAGTGGCOT TCACCCACAC GAOATCGAGC 1440
AATAACAGGT CTGTGATGCC CTTAGATCTC CGGOGCTGCA CGCGCOCTAC ACTGAACGOA 1500
TCACCGTGTG TCTACCCTGC GCCGACAGCT OCGGCTAACC CCCTCAACCC COTTCGTGAT 1560
ACGGATCCCC GATTGCAATT ATTTCCCATC AACGAGGAAT TCCCAGTAAC TGCCGCTCAT 1620
AAGCTCOCGT TGATTAAGTC CCTGCCCTtT GTACACACCG CCCOTCGCTA CTACCGATTC 1680
X.l. C
X.b.CATGGTTTAC TGAGGTCCTC GOATCGOCCC CGCCGOGGTC GGCAACGCCC CTGCCGGAGC 1740
GCCOAGAAGA CGATCAAACT TGACtATCTA GAGGAAGTAA AAGTCGTAAC AAGOTTTCCG 1800
TAGOTGAACC TGCGCAAGGA TCATTA 1826
28S
ITS1 ITS 2
ETS IBS Vs-SS/ 28S
- p X b r 1 0 3 — >106-
- p X l r  101—» 103-
p X l c r  1-^5
F igu re  4.8 C lones stud ied  in  the fu r th e r  analysis o f the tw o  s ites  o f v a ria tio n  
between X . borea lis  and X. laev is  185 rD N A
R e s tr ic t io n  s ites  re le va n t to  the  com para tive  analysis are noted.
A  fu l l  descrip tion  o f these clones is g iven in  F igu re  2,2 and Table  2.1.
IBS rD N A  was ca rrie d  out on clone p X l r lO l  (Salim  and Maden, 1981). I  decided to  
inc lude  th is  clone in the com para tive  analysis as fu r th e r  evidence fo r  the  o rig in a l 
sequence. F ive  fu r th e r  X . laev is  clones, con ta in ing  chrom osom al rD N A , nam ely 
p X lc r l- 5 ,  (M . S tew a rt, Ph.D . Thesis, G lasgow U n ive rs ity  1983; S te w a rt e t 
1983) w ere  also studied.
4.4.b. P re lim in a ry  exam ina tion  o f the  C  > A  su b s titu tio n  a t 1724
N o t having ca rrie d  ou t the in i t ia l  sequencing o f  the  3 ' reg ion  o f IBS rD N A  in  
p X b r lO l, I chose to  look  a t th is  s ite  o f v a r ia tio n  f i r s t .  The Xba I  s ite  a t 1767 is an 
idea l s ta r t in g  p o in t fo r  sequencing le ftw a rd s  through the  s ite  o f v a r ia tio n  a t 
pos ition  1724. I d igested a ll 12 clones w ith  re s tr ic t io n  enzym e Xba I  to  ob ta in  the 
la rge  Xba I  fra g m e n t extending fro m  nuc leo tide  260 through to  1767. A l l  12 
fragm en ts  were 5 ' end-labelled  and secondary d igested w ith  P st I  in  p repa ra tion  fo r  
M a xa m -G ilb e rt sequencing. The X. laev is  sequence had shown a C  residue a t 
pos ition  1724, th e re fo re  sequencing o f the com p lem en ta ry  s trand  w ould show a G 
residue a t th is  pos ition . S im ila r ly , sequencing o f the  com p lem en ta ry  s trand  fo r  X . 
borea lis  w ould show a T residue. I  ca rrie d  ou t G  cleavage reac tions  on the  8 X . 
laev is  clones and fu l l  sequencing on the  4 X . borea lis  clones. G cleavage o f  the  X. 
laev is  clones was unsuccessful, how ever in  a ll 4 X . borea lis  clones a T residue was 
c le a rly  ev iden t a t pos ition  1724, com p lem en ta ry  to  an A  residue on th e  R N A -lik e  
strand. The autorad iograph fo r  p X b rl0 4  is shown in  F igu re  4.9.
4.4.C. P repa ra tion  o f D N A  fra gm en t con ta in ing  both po in ts o f  va ria tio n
A t  th is  tim e , I rea lised  th a t the  qu ickest m ethod o f look ing  a t bo th  o f  these 
s ites  o f va ria tio n  in  several clones was to  make use o f  M13 c lon ing  and dideoxy 
sequencing. The tw o  s ites o f va ria tio n  are co nven ien tly  s itu a te d  tow ards e ith e r 
end o f a P st I/X b a  I fra gm en t (see F igu re  4.10). Looking a t the  l is t  o f M l?  vec to rs  
(C hap te r 2, F igu re  2.3), pa ir m p lO /m p ll con ta in  unique re s tr ic t io n  s ites  fo r  P st I 
and Xba I. By use o f th is  ve c to r pa ir, i t  w ould be possible to  c lone the  P st I/X b a  I
F ig u re  4.9 E xam ina tion  o f the  C  > A  s u b s titu tio n  a t nuc leo tide  1724 In X.
borea lis  clones pX b rl03 -1 06
F o r a ll 4 clones p X b rl0 3 -1 0 6 , the  ind ica ted  X ba l fra g m e n t was 5 ' end- 
labe lled  and secondary digested w ith  P s tl. F u ll M a xa m -G ilb e rt sequencing was 
c a rr ie d  ou t fro m  the  r ig h t hand end, thus re su ltin g  in  sequence de te rm ina tio n  
o f  the  "C "  strand.
The re su lting  autoradiograph fo r  p X b rl0 4  is shown. N uc leo tides are 
num bered accord ing  to  the com p le te  sequence (F igu re  4,7).
A l l  4 clones were Id e n tica l and showed a T residue a t nuc leo tide  1724, 
in d ic a tiv e  o f an A  residue on the  R N A -lik e  strand.
Pst  I
Xbal  - 
(2 6 0 )
Xba I 
(1767)
pXbr  104
GC
G A T  C
M OO
« j
1724
—j 1 7 2 4
- 6 1 7 4 0
- a I 7 6 0
_ ^ 1 7 6 9
X. borealis 3" CCGTTGCCGG 5 '  
X. l a e v i s  G
FIG URE 4.9
F igu re  4.10 P repa ra tion  o f D N A fragm en ts  con ta in ing  both po in ts  o f va ria tio n
*  ind ica tes  the  pos itions o f the  tw o  sites o f  v a ria tio n  w ith in  the  la rge  
X ba l fra g m e n t o f IBS rD N A . These s ites  are s itu a te d  tow ards e ith e r end o f 
the  la rge  P s tl/X b a l fragm en t.
A  P s tl d igest was ca rrie d  ou t on the  X ba l fra g m e n t fro m  a ll 12 clones 
and the  products o f d igestion  separated on a 4% p o lyacry lam ide  gel.
Lanes 1 ----- > 12: p X Ic r l ,  2, 3, 4, 5, p X lr lO l,  102, 103, p X b rl0 3 , 104, 105,
106.
Lane 1 is not v is ib le  on the photograph, bu t the  bands could be seen on 
the  ac tua l gel.
The 12 la rge  P s tl/X b a l fragm en ts  were excised fro m  the  gel and 
p repared ready fo r  subsequent analysis.
-Y J-
Pst I 
(6 2 5 )
Xbal-
(2 6 0 )
3 6 5 1142
- ^ X b a  I 
(1 7 6 7 )
12
I
' ' - 1 1 4 2
- 3 6 5
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fra g m e n t o f in te re s t in  opposite o rie n ta tio ns  and thus sequence fro m  e ith e r  end. 
T h e re fo re  I  d igested a ll 12 o f the  p rev ious ly  prepared Xba I  fragm en ts  (4 .4 .b .) w ith  
P s t I and separated on a 4% acry la m id e  ge l (F igu re  4.10). The a pp rop ria te  bands 
w ere  excised and worked up ready fo r  subsequent c lon ing  in to  M13.
4 .4 .d . A na lys is  o f  the  v a r ia tio n  a t pos ition  679
F ig u re  4.11 shows how c lon ing  in to  mplO gives the  requ ired  s ing le -s tranded  
te m p la te  fo r  the  d e te rm ina tio n  o f  the sequence fro m  the  P st I s ite  th rough the 
f i r s t  p o in t o f v a ria tio n  a t nuc leo tide  679. V ec to r mplO was cu t w ith  Xba I and Pst 
1 and run on a 1% agarose gel to  separate the  sm a ll fra g m e n t excised fro m  the 
m u lt ip le  c lon ing s ite  reg ion. The la rge , now linearised, ve c to r band was excised 
fro m  the gel and worked up ready fo r  subsequent lig a tio n . 12 lig a tio n s  were 
ca rrie d  out, each using 200ng o f ve c to r and a 3 x m o la r excess (lOOng) o f  the  Pst 
I /X b a  1 fra g m e n t. L ig a tio n  was ca rrie d  o u t in  lO p l fo r  tw o  hours be fo re  d ilu tin g  
10X  and con tin u in g  the  lig a tio n  overn igh t. Subsequent tra n s fo rm a tio n  in to  JM103 
and p la tin g  ou t resu lted  in  very high numbers o f w h ite  plaques (recom b inan t 
m olecules). I  prepared the  s ing le -s trand  m a te r ia l fro m  a ll 12 tra ns fo rm a tio ns  
(M ethods, 3.9.)
A t  pos ition  679, th e  in i t ia l  sequence analysis had shown a G residue in  X . 
laev is  and an A  residue in  X . borea lis  c lone p X b r lO l.  1 chose to  c a rry  ou t G and A  
re a c tion s  on a ll 12 clones. Th is was ca rrie d  out fo llo w in g  the  p ro to co l o f  A . 
B ank ie r, MR.C, C am bridge and using 52p labe lled  dATP. A se lec tion  o f th e  resu lts  
are shown in  F igu re  4.12. B y looking  a t th e  expected p a tte rn  o f G and A  residues 
w ith in  the  fu l l  sequence, i t  is possible to  a lign  the  pa tte rns  on th e  autorad iographs. 
In  a ll X . laev is  clones th e re  is a G residue a t pos ition  679. In  a ll X . b o rea lis  clones 
th is  G band is m issing, being rep laced by a band in  the  A  tra c k . I  w en t on to  ca rry  
ou t f u l l  d ideoxy sequencing on a ll 12 clones, th is  t im e  using the  Am ersham  
sequencing k i t  and 55s labe lled  dATP. Tw o o f  th e  re su ltin g  auto rad iographs, one 
fro m  each species, are shown in  F igu re  4 .13. In  a ll clones, th e  sequences read ing
DNA fragment Cut vector
Xbal PstI
FstI S 
3'-
3 Xbal 
•5'
Ligation
mplO
Xbal C PstI
Transformation
Plating
Preparation of single-strand material
Xbal C PstI
Primer binding site
Synthesise PstI
Figure 4.11 Cloning of the Pstl/Xbal fragment into M13mplO to 
allow sequence determination rightwards from the 
PstI site
F igu re  4.12 Ana lys is o f the  v a ria tio n  a t nuc leo tide  679 by dideoxy sequencing: G 
and A  reactions
A  p a tte rn  *  * *  * * *  *  *  *
G p a tte rn  * * ♦ *  *  * * * *  * * *
621 G TTG C TG C AG  T T A A A A A G C T  C G TAG TTG G A TC TTG G G ATC
♦
A *  o r*  *  *
Q  * * * * * *  * * * * * * *  *  *
661 GAGCTGGCGG T C C G C C G C ^A  G G C G AG C TAC  CG CCTG TC CC
X . laev is  clones p X lr l0 2  and p X lr l0 3  show a G residue a t nuc leo tide  679. X . 
borea lis  clones pX b rlO ? , 105 and 106 show an A  residue a t th is  pos ition . p X b rl0 4  is 
a poor q u a lity  te m p la te , how ever, th e  app rop ria te  bands w ere  v is ib le  on the 
auto rad iograph. A l l  clones show the "e x tra ”  A  residue a t nuc leo tide  685.
The compression e ffe c t  in  the  reg ion  680-687, experienced in  M a xa m -G ilb e rt 
sequencing, is also ev id en t in  the  d ideoxy m ethod.
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F igu re  4.13 Analysis o f the  va ria tio n  a t nuc leo tide  679 by fu l l  d ideoxy sequencing
F u ll d ideoxy sequencing was ca rrie d  o u t on laevis clones p X lc r 1-5, 
p X Ir lO l-1 0 3  and X . borea lis  clones p X b rl0 3 -1 0 6 , sequencing r igh tw ards  fro m  the 
P stI s ite . The re le va n t reg ions fro m  the  autoradiographs fo r  p X lrlO Z  and p X b rl0 3  
are shown.
N uc leo tides are num bered according to  the  com ple te  sequence (F igure  4.7).
The sequences are id e n tic a l, excep t fo r  the  G >A  s u b s titu tio n  a t nuc leo tide  679.
A l l  o th e r clones are in  agreem ent w ith  the  tw o  shown.
- 7 7 -
P X t r  102  p X b r  1Q3
g a t c
71
- G 7 ^ 8
. .  C 7 2 ( )
- C & 9 8
- a 6 8 5
- G 6 7 9
. - a 7 7 1
e : __ G 7 4 8
- C 7 2 0
_ - - C 6 9 8
L , . '  - A 6 < 3 5
- A 6 7 9'V
?
«
- C G 6 4  ’  _ c 6 6 4
ÎÏ-
r  ^
Z  - C 6 5 2  -  - c 6 5 2
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rig h tw a rds  fro m  the  P st I  s ite  were id e n tic a l, excep t fo r  the  G  > A  su b s titu tio n
a t nuc leo tide  679.
C om parison o f th e  gels in  F igu res  4.12 and 4.13 dem onstrates th e  increased 
reso lu tion  In  auto rad iography on using nuc leo tides labe lled  w ith  35s ra th e r than 
^2p  (discussed in  C h a p te r 2, 2.3,e.).
4.4.6. Ana lys is  o f the  v a r ia tio n  a t pos ition  1724
H aving  a lready shown the presence o f a T residue in  X . borea lis  clones 
p X b rl0 3 , 104 105 and 106 by fu l l  M a xa m -G ilb e rt sequencing o f  the  com p lem en ta ry  
strand  through th is  reg ion  (see 4.4.b.), I on ly requ ired  to  clone the  P s tl/X b a l 
fra gm en t o f the 8 X . laev is  clones in to  m p l l .  F igu re  4.14. dem onstra tes how 
c lon ing  in to  m p l l  re su lts  in  th e  requ ired  te m p la te  fo r  sequence d e te rm in a tio n  
le ftw a rd s  fro m  the  X ba l s ite .
L ig a tio n s  and tra ns fo rm a tio ns  were ca rrie d  ou t as described in  4 .4 .d, 
su b s titu tin g  m p l l  fo r  m plO . A ga in  a high num ber o f w h ite  plaques w ere  obta ined 
on p la tin g  out. S ing le -s trand  m a te r ia l was prepared ready fo r  d ideoxy sequencing. 
F u ll sequencing was ca rrie d  ou t on a ll 8 X . laev is  clones using the  A m ersham  
sequencing k i t  and 35g labe lled  dATP, Two o f th e  gels are shown in  F igu re  4.15. 
A l l  B clones showed a G residue a t 1724, com p lem en ta ry  to  a C on the  R N A -lik e  
strand.
4 .4 .f. D ire c t  evidence fo r  the presence o f an A  residue a t pos ition  685
Because o f the  unique s p e c ific it ie s  o f d ideoxy te rm in a to rs , i t  has been 
possible to  ob ta in  d ire c t evidence fo r  the presence o f an A  residue a t pos ition  685 
(discussed in  4 .3 .a .). Sequencing rig h tw a rds  fro m  the  P stI s ite  g ives th e  nuc leo tid e  
sequence through th is  reg ion  (see F igures 4.12 and 4.13). D ideoxy sequencing again 
shows com pression e ffe c ts  in  th is  area, as was p rev ious ly  found in  M a xa m -G ilb e rt 
sequencing (See F igu re  4.6), how ever an A  residue is c le a r ly  v is ib le  w ith in  th is  
compression. It 's  presence had obviously been obscured by a c o -m ig ra tin g  G
DNA fragment Cut vector
PstI ÿ.
3
Xbal +
^  Ligation
PstI Xbal
mpll
PstI Xbal
Transformation
Plating
Preparation of single-strand material
PstI S Xbal
Primer binding site
Synthesise Xbal
Figure 4.14 Cloning of the Pstl/Xbal fragment into M13mpll to 
allow sequence determination leftwards from the 
Xbal site
F igu re  4.15 Ana lys is  o f the v a ria tio n  a t nuc leo tide  1724 : fu l l  dideoxy
sequencing o f the  B X . laevis clones
F u ll d ideoxy sequencing was ca rrie d  o u t on the  X . laev is  clones p X Ic r l-5 ,  
p X lr lQ l,  102 and 103, sequencing le ftw a rd s  fro m  the X ba l s ite  a t 1767.
The re su lting  autoradiographs fo r  pX IcrZ  and pX lcr5  are shown. 
N uc leo tides are num bered according to  the  com ple te  sequence (F igu re  4.7). 
The sequences are id e n tic a l and show a G residue a t pos ition  1724 
com p lem en ta ry  to  a C  residue on the  R N A -lik e  strand . The 6 o th e r laevis 
clones agree w ith  the  tw o  shown.
Code fo r  unce rta in  nuc leo tides: D  = m ore than 1 C
H = m ore than 1 G.
P X lc r2  
GATÇ
I
i l
p X l c r S
— 3
- T 1 7 0 3
- G ? 7 2 4
- 7 ^ 7 5 8
- T ^ 7 7 2
- - - A C T A A A C C A T C C
1703- ^ ~ j c c GAGGACCTC
- G G C G G H C C G A
1 72A -"  ' - g G D G A C C C C  
1732- ' - - A G G G C C G T  
1741-, - C G C T C C G C C
1750- . ■ - rC T T C T C G G
1758- - 7 7 TGATCG
1766-
1772- I
lY»
V e c t o r
f i g u r e  4 . 1s
residue in M a xa m -G ilb e rt sequencing. A l l  8 X» laev is  clones and 4 X. borea lis  
clones analysed in the com para tive  study dem onstra te  the  presence o f th is  A  
residue a t pos ition  685.
4.5. Sum m ary and Conclusions
The com p le te  sequence o f 188 rD N A  fo r  X . borea lis  clone p X b r lO l is g iven in  
F igu re  4.7. B o th  the X . borea lis  and the  X. laev is  sequence are 1826 nuc leo tides 
long, one nuc leo tide  longe r than th a t in it ia l ly  repo rted  fo r  X . laev is . The X . 
borea lis  sequence d if fe rs  a t on ly tw o  po in ts fro m  X . laev is  IBS rD N A . There  is a G
— > A  su bs titu tion  a t pos ition  679 and a C  > A  s u b s titu tio n  a t pos ition  1724.
Table 4.1 sum m arises the  com para tive  analysis o f these va rian ts  ca rrie d  o u t on a 
range o f  X . b o rea lis  and X , laev is  clones. A t  n e ith e r s ite  d id  I  f in d  any evidence o f 
In traspecies he te rogene ity . There fo re , the  in it ia l ly  dete rm ined  sequences are the  
p redom inant ones fo r  th e  tw o  species. M u ta tio n  m ust have occurred  long enough 
ago (in  e vo lu tiona ry  te rm s) to  a llow  the va rian ts  to  have a tta in e d , o r be 
approaching f ix a tio n .
The "e x tra "  A  residue a t pos ition  685, f i r s t  dem onstra ted  by re s tr ic t io n  
analysis o f X . borea lis clone p X b r lO l, has subsequently been shown by d ire c t 
d ideoxy sequencing to  be present in  a ll X . borea lis  and X . la e v is  clones used in  th is  
study. T he re fo re , a ll nuc leo tides dow nstream  fro m  A685 have been num bered "p lus 
one" re la t iv e  to  th e ir  o rig in a l num bering in  Salim  and Maden, (1981).
C LO N E N U C LE O TID E  679 N U C LE O TID E  1724 A  residue a t 685
p X lc r l G C
p X lc r2 G C •y
pX lc r? G C y
p X lc r4 G C y
pX lcr5 G C y
p X lr lO l G C y
pX IrlO Z G c y
p X lrlO ? G c y
p X b rl0 3 A A y
p X b rl0 4 A A y
p X b rl05 A A y
p X b rl0 6 A
-------------------------------------
A y
Table 4.1 Summary o f the  analysis o f the  tw o  s ite s  o f v a r ia tio n  and
the  "e x tra "  nuc leo tide  In a range o f X» borea lis  and 
X . laev is  rD N A  clones.
The Table shows th e  nucleotides present on the  R N A -lik e  strand.
C H APTER  5
AN ALYSIS  OF THE H U M A N  18S rD N A  N U C LEO TID E  SEQUENCE
5.1. A tte m p t to  clone Hum an rD N A
As ou tlined  in  C hap te r 2, sec tion  2.1., I in i t ia l ly  a tte m p ted  to  prepare human 
rD N A  clones on w h ich  to  ca rry  o u t subsequent sequence analysis. I used p iacen ta  
as a source o f human D N A  as i t  was re a d ily  ava ilab le  and is  a good source o f la rge  
am ounts o f D N A . The southern b lo tt in g  experim ents o f W ilson e t. a l. (1978) had 
shown th a t re s tr ic t io n  w ith  Sal I should generate a fra g m e n t con ta in ing  the  3 
com p le te  rR N A  genes. I  re s tr ic te d  to ta l human D N A  w ith  Sal I and 
e lectrophoresed th rough a 1% agarose slab gel along w ith  various rD N A  fragm en ts  
o f known size. As expected, re s tr ic t io n  o f to ta l human D N A  gave rise  to  a long 
sm ear as visualised by e th id iu m  brom ide  s ta in ing . The D N A  fro m  the gel was 
tra n s fe rre d  to  ce llu lose n itra te  and hybrid ised to  p a r t iy  fragm en ted  and end- 
labe lled  le S  and 285 rR N A  prepared fro m  H eLa  ce lls  (M a ize ls , 1976). The human 
rD N A -co n ta in in g  fra g m e n t was shown to  run co inc iden t w ith  a s p e c ific  s ize m a rke r 
o f app rox im a te ly  l l k b .  By repea ting  the agarose gel and c u tt in g  o u t the 
app rop ria te  band o f D N A  fro m  the to ta l sm ear, we had successfu lly  enriched  fo r  
rD N A . A tte m p ts  w ere  then  made to  c lone th is  fra g m e n t in to  pBR 322 and pAT  153 
and to  search fo r  pos itive  colonies by hyb rid isa tion . I t  was a t th is  p o in t th a t  the 
p ro je c t was unsuccessful. I  th in k  the. m ain reason fo r  th is  was the  low  e ff ic ie n c y  
both  o f lig a tio n  o f such a la rge  fra g m e n t in to  a much sm a lle r p lasm id m o lecu le  and 
o f subsequent tra n s fo rm a tio n . To have successfu lly  p icked ou t a hum an rD N A  
c lone, even a fte r  p a r tia l p u r if ic a t io n  o f rD N A  by size se lec tion  on agarose gels, i t  
w ould  have been necessary to  screen many hundreds i f  no t a fe w  thousand co lonies. 
H ow ever, I  d id not ob ta in  th is  num ber o f tra ns fo rm a n ts  and so the chance o f
F igure  5 .1  Clones used in  the  analysis o f human 185 rD N A
(a) Shows the regions o f ribosom al D N A  conta ined in  clones pHrB-SE and pH rA .
(b) Shows the  o rie n ta tio n  o f these fragm en ts  in  p lasm id  pBR522.
(0)
p U r A -
lb)
Ec o R I 18S
E c o R  I
18 S
p Hr B- SE
6 k b 2 8 S
S a l  I
E c o R  I
FIGURE 5.1
d e te c tin g  an rD N A  clone was low  and the  expe rim en t was unsuccessful.
Human clones o f the  Sal I fra g m e n t have re c e n tly  been successfu lly  prepared 
in  our la b o ra to ry  by c lon ing  in to  bacteriophage \ i n  w h ich  the  o ve ra ll c lon ing  
e ff ic ie n c y  is much h igher than  in  plasmids.
5.2. C lones used in  the  Sequence Ana lys is
As discussed in  C hap te r 2 ,sequencing o f the  human IB S rR N A  gene was 
ca rrie d  o u t on clones prepared by Wilson's group. A  fu l l  descrip tion  o f these clones 
is g iven in  F igu re  2.2 and Table  2.1.
The tw o  clones used in  th is  w o rk ,pH rA  and pHrB-SE, are shown in  F igu re  5.1. 
C lone pHrB-SE conta ins p a rt o f the  ETS and a ll o f  the  IBS gene reg ion up to  the  3' 
EcoR I s ite . C lone p H rA  conta ins th e  3' end o f th e  IBS gene reg ion , ITS 1, th e  5.8S 
gene, ITS 2 and the  28S gene reg ion  up to  the  28S E coR I s ite .
5.3. M ethod o f Sequencing
This sequencing o b je c tive  was m e t by the  m ethod o f M13 c lon ing  and dideoxy 
sequencing (discussed in  C hapte r 2). On going through the sequencing s tra te g y , I 
w i l l  i l lu s tra te  the progression fro m  c lon ing  and sequencing p a r tic u la r  re s tr ic t io n  
fragm ents , to  ca rry in g  ou t shotgun clon ing  and sequencing, thus ta k in g  fu l l  
advantage o f the  speed o f th is  system  over the o rig in a l system  o f M a xa m -G ilb e rt 
where a de ta ile d  re s tr ic t io n  map is a p re -re q u is ite  fo r  sequence analysis.
5.4. Iso la tion  o f  the rD N A  fra g m e n t fro m  pHrB-SE
To s im p lify  subsequent m an ipu la tions, I  cu t ou t the  S a ll/E coR  I  human rD N A  
fra gm en t fro m  p lasm id pHrB-SE. The p lasm id was digested w ith  re s tr ic t io n  
enzymes Sal I and EcoR I. The products o f d igestion  w ere  separa ted by gel
F igu re  5 .2  Iso la tio n  o f the rD N A  fra g m e n t fro m  pHrB-SE
lOOpg o f pHrB-SE was d igested w ith  re s tr ic t io n  enzymes S ail and EcoR I. 
The re su lting  fragm en ts  were separated by e lectrophores is  through a 1% 
agarose slab gel.
The 2.3kb human D N A  fra g m e n t was excised fro m  the  gel and w orked up 
ready fo r  subsequent analysis.
EcoR I
pBR322
3*7 kb
/  E T S  
S a l  I
H U M A N
i n s f r t
2-3kb
- 3 ' 7 k b
- 2 * 3 k b
FIG URE 5.2
e lec trophores is  (F igu re  5 .2 ). The rD N A  band was e lu ted  and w orked up ready fo r  
subsequent analysis.
5.5 C lon ing  and sequencing sp e o lfic  re s tr ic t io n  fragm ents
To make a s ta r t  on the human sequence analysis, I  decided to  make use o f the 
re s tr ic t io n  data  o f W ilson e t a l (1970, 1982). In p a rtic u la r, I was In te res ted  in 
sequencing fro m  the  Xba I and Pst I s ites (F igu re  5.3(a)), R e s tr ic t io n  analysis by 
W ilson's group suggested the presence o f on ly 1 Xba I s ite  in  the 5 ' reg ion  o f the 
IBS gene. H ow ever, com parison o f th is  reg ion between fro g  and ra t (T o rczynsk i e t 
a l., 1983) shows both  species have tw o  Xba I s ites  in  th is  5 ' reg ion . I ca rrie d  ou t my 
in i t ia l  clonings on the suspicion th a t human rD N A  m ig h t also have tw o  c lose ly  
spaced Xba I sites.
5pg o f the Sal I/E co R  I fra gm en t was d igested w ith  Pst I and Xba I. A f te r  2 
hours d igestion , the m ix  was phenol e x tra c te d  to  rem ove the  re s tr ic t io n  enzym es 
before  lig a tio n . V ec to r p a ir  mp 10/m p 11 (see F igure  2.3) were digested w ith  Sal I 
and Xba I, Xba I and Pst I ,  Xba I alone, and Pst I  and EcoR I. The re s tr ic ito n  
p roducts were run  on a 1% agarose ge l to  p u r ify  the  lin e a r bands (F igu re  5 .3.(b)).
E ig h t lig a tio n s  were ca rrie d  ou t using 200ng o f ve c to r and a 3x m o la r excess 
( ~  250ng) o f the  digested Sal I/E co R  I fra g m e n t. Each lig a tio n  m ix  th e re fo re  
conta ined one o f the  B c u t vec to rs  and a m ix tu re  o f  the  4 d igestion  p roducts  o f the  
human rD N A  fra g m e n t. Table 5.1 shows w h ich  fra g m e n t is taken  up in  each 
lig a tio n .
T rans fo rm a tion  and p la tin g  were ca rrie d  ou t as described in  M ethods, 3 .8 .c . 
No plaques w ere  obta ined fo r  tra n s fo rm a tio n  num ber 8, Th is was no t too  su rp ris ing  
as ve ry  l i t t le  lin e a r ve c to r was obta ined on d igestion  o f mp 11 w ith  Pst I and EcoR 
1 (F igu re  5.3 .(b)). I  prepared s ing le -s trand  m ateria lP r4(n a fe w  w h ite  plaques fo r  
each o f the o the r tra ns fo rm a tio ns . Table 5 .1  shows the expected sequencing runs 
fro m  each o f the  tem p la tes . I  c a rrie d  ou t fu l l  d ideoxy sequencing and the
F igu re  5.3 R e s tr ic t io n  o f the  S a ll/E coR I fra g m e n t w ith  X ba l and P stI and 
p repa ra tion  o f vec to rs  fo r  c lon ing
(a) Shows the  proposed p ro d u c ts 'o f d igestion  o f the  S a ll/E coR I fragm en t 
w ith  Xba I and P st I.
(b) ve c to r p a ir m p lO /m p ll were both digested w ith  the enzym es shown 
be low  and run on a 1% agarose gel.
Lane (1) G .lpg  o f uncu t mplO
(2) G.5|ig o f mplO c u t w ith  Sail and X ba l
(3) G.5|ig o f m plO  c u t w ith  P stI and Xbal
(4) G.5|ig o f  mplO c u t w ith  Xbal
(5) G.5|ig o f  mplO c u t w ith  P st I and EcoRI
1 em p ty  w e ll
(6) 0.5pg o f  uncu t m p l l
(7) 0.5|xg o f m p l l  c u t w ith  Sail and X ba l
(8) 0.5pg o f m p l l  c u t w ith  P s tI and X ba l
(9) 0.5pg o f m p l l  c u t w ith  X ba l
(10) 0.5pg o f m p l l  c u t w ith  P st I and EcoRI
The linea rised  vec to rs  were excised fro m  the  gel and e lu ted . Lane (10) showed 
ve ry  l i t t le  lin e a r m a te r ia l.
Sal î X b a l  Pst I
1 I _________1
EcoR I
 I
( Q )
( b )
l inear
Supe rco i l ed
FIG URE 5.3
LIG A T IO N VECTOR INSERT SEQUENCE
1 m plO  S a ll/X b a l S a ll/X b a l S a i l----- >
2 m plO  P s tl/X b a l X ba l/P s tI <----- Pst I
3 m plO  X ba l X b a l/X b a l X b a l----- > X ba l
OR
X ba l <----- X ba l
4 m plO  P s tl/E co R I P stl/E coR I P s t I ----- >
5 m p l l  S a ll/X b a l S a ll/X b a l <----- Xba I
6 m p l l  P s tl/X b a l X b a l/P s tl X b a l----- >
7 m p l l  X ba l X b a l/X b a l X b a l----- > X ba l
OR
X ba l <----- X ba l
8 m p l l  P s tl/E co R I P stl/E coR I <----- EcoRI
Table 5 .1  C lon ing  in to  m p lO /m p ll and subsequent sequence de te rm ina tio n  
The Table shows w h ich  rD N A  fra g m e n t should be taken  up in  each lig a tio n . 
The r ig h t  hand colum n gives the d ire c tio n  o f sequence d e te rm in a tio n  fro m  the 
re su ltin g  s ing le-stranded te m p la te .
S a l  r X b a l  P s t I E c o R I
100
F igu re  5.4 Sequence data obta ined fro m  the  P s t/X b a l d igest o f the 5a II/E coR I 
rD N A  fra gm en t
The a rrow s in d ica te  bo th  the d ire c tio n  and leng th  o f sequence obta ined  fro m  
a p a r tic u la r  re s tr ic t io n  s ite .
No sequencing runs were obta ined fro m  the  S ail and E coR I s ites, o r le ftw a rd s  
fro m  the  f i r s t  X ba l s ite  in  the  18S gene. See te x t  fo r  exp lanation .
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com bined sequencing map is shown in  F ig u re  5.4.
The f i r s t  p o in t to  no te  is th a t  th e  human IBS gene does co n ta in  tw o  Xba I 
s ites in  the  5' reg ion and no t one as shown by W ilson e t  a l., (1982). No sequencing 
runs were obta ined fro m  e ith e r end o f  the Sal I/X b a  I fra gm en t. S ing le -s trand  
tem p la tes  fro m  tra ns fo rm a tio ns  1 and 5 were shown to  con ta in  the  sm a ll X b a l/X b a l 
fra g m e n t. O bvious ly ,in  the  Sal I/X b a  I  double digests o f mp 10 and mp 11, Sal I  had 
no t c u t ve ry  e ff ic ie n t ly ,  the m a jo r ity  o f  v e c to r m olecules having been c u t by Xba I 
only. P la tin g  o f tra ns fo rm a tio ns  1 and 5 d id  re s u lt in  a high background o f blue 
p la qu e s ,ind ica tive  o f re c lrc u la r is a tio n  o f  s in g le -cu t ve c to r. One p o in t to  n o te ,is  
th a t in  ve c to r p a ir m p lD /m p  11 (F igu re  2.3) the  re co gn itio n  s ites fo r  Xba I 
(T C T A G A ) and Sal I  (G TC G AC ) are contiguous. We have found by experience  th a t 
i t  is very d i f f ic u l t  to  successfu lly  c a rry  o u t double digests w ith  such close ly 
pos itioned  sites.
5.6. Shotgun C lon ing  and Sequencing
To m ake m ost e f f ic ie n t  use o f M13 c lon ing  and sequencing, i t  is best to  take  
advantage o f the  fa c t  th a t a de ta ile d  re s tr ic t io n  map is no t req u ired  p r io r  to  
sequencing. The task th e n ,is  to  choose a fe w  enzymes w h ich  w i l l  c leave the  D N A 
o f in te re s t to  g ive  a w hole range o f overlapp ing  fragm en ts  o f up to  a fe w  hundred 
base pairs. B y c lon ing  and sequencing each se t o f  fragm en ts  in  tu rn , the  com p le te  
sequence can g radua lly  be f i t t e d  toge the r.
5.6.a. D iges tion  o f pHrB-SE w ith  Sau 3A . Tap I and Hoa I I
I  chose to  use the  th re e  re s tr ic t io n  enzym es Sau 3A, Taq I  and Hpa I I  to  
h ope fu lly  g ive  a good a rray  o f overlapp ing fragm en ts  covering  the  IBS rR N A  gene.
I  d igested a sm a ll am ount o f pHÆ -SE and the  p u r if ie d  Sal I/E c o R I fra g m e n t 
w ith  each o f  the th ree  enzym es to  ob ta in  an idea o f the  num ber and sizes o f 
fragm en ts  obta ined. The products of. d igestion  were separa ted on a 4%
F igu re  5.5 R e s tr ic t io n  Ana lys is o f pHrB-SE and the p u r if ie d  S a ll/E coR I 
fra g m e n t
The 9 digests shown below  w ere ca rrie d  ou t and the  p roducts o f d igestion 
separa ted by e lectrophores is  through a 4% po lyacry lam ide  gel.
(1) 1.5|ig o f pBR322 c u t w ith  Sau3Aî Size o f fragm en ts  in  bp. 1374, 665 , 358, 
341, 317, 272, 258, 207, 105, 91, 78, 75, 46, 36, 51, 27, 18, 17, 15, 12, 11, 
8.
(2) 5 |ig  o f pHrB-SE c u t w ith  Sau3A.
(3) 2|xg o f S a ll/E coR I fra g m e n t c u t w ith  Sau3A.
(4) 1.5jig o f pBR322 c u t w ith  Taqis s ize o f fragm en ts  in  bp. 1444, 1307, 475, 
368, 312, 141.
(5) 5ng o f pHrB-SE c u t w ith  Taql.
(6) 2|ig o f S a ll/E coR I fra g m e n t c u t w ith  Taql.
(7) 1.5jig o f pBR322 c u t w ith  H p a ll: size o f fragm en ts  in  bp. 622, 527, 404, 
309, 242, 238, 217, 201, 190, 180, 180, 160, 160, 147, 147, 122, 110, 90, 
76, 67, 34, 34, 26, 26, 15, 9, 9.
(8) 5ng o f pHrB-SE c u t w ith  H p a ll
(9) 2|ig o f S a ll/E coR I fra g m e n t c u t w ith  H pa lL
Lane (9) did not show any bands. The D N A  fra g m e n t m ust have been o m itte d  
fro m  the  d igest.
Lanes (4) and (5) show some e x tra  banding due to  incom ple te  d igestion.
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p o lyacry lam ide  gel (F igure  5 .5 ),a long  w ith  digests o f pBR322 to  g ive  an in d ica tio n  
o f the size o f fragm en ts  obta ined. These th ree  digests g ive  a good num ber o f 
fragm en ts  o f severa l hundred base pa irs  long.
Since the gel gave good reso lu tion  o f the re s tr ic t io n  products, I decided to  
e lu te  a fe w  o f the bands fo r  subsequent c lon ing  and sequencing. I  e lu ted  the  th ree  
la rges t fragm en ts  fro m  the Taq I  d igest o f the  Sal I/E c o R I fra g m e n t. These were 
lig a te d  in to  th e  A cc  1 s ite  o f ve c to r mp 10. F ragm ent 3 d id  no t g ive  any w h ite  
plaques on p la tin g . Th is fra g m e n t m ust have been bounded a t one end by th e  Sal I  
o r E coR I re s tr ic t io n  s ite  and so would have been unable to  lig a te  in to  mp 10 cu t 
w ith  A cc  I  alone. R e-inspection  o f the  acry lam ide  gel (F igure  5 ,5) does show th a t 
th is  m ust be the  case,as fra g m e n t 3 is m issing in the  corresponding Taq I d igest o f 
p lasm id pHrB-SE. F ragm ent 1 was no t a good te m p la te  fo r  sequencing. F ragm ent 
2 was shown to  extend rig h tw a rds  fro m  a Taq I  s ite  ju s t outs ide  the  s ta r t  o f  th e  IBS 
gene. The sequence reads th rough the f i r s t  Xba I s ite  (see F igu re  5.18).
O bviously i f  a ll th e  bands had been e lu ted  fro m  the  acry lam ide  ge l, each one 
could  have been c loned and sequenced in  tu rn . H ow ever, th is  w ould have been a 
ve ry  tim e-consum ing  procedure and would have negated the  advantage o f the  speed 
o f the M13 m ethod. I  th e re fo re  re tu rned  to  m y o r ig in a l s tra te g y  o f c a rry in g  out 
shotgun c lon ing.
5 .6 .b . C lon ing Sau 3A  fragm en ts  in to  M13 mp 11
The f i r s t  a tte m p t a t shotgun clon ing  gave a ve ry  p ecu lia r re s u lt. The Sal 
I/E c o R I rD N A  fra g m e n t was digested w ith  re s tr ic t io n  enzym e Sau 3A . The 
re su ltin g  m ix tu re  o f fragm en ts  were lig a te d  w ith  mp 11 cu t w ith  Bam H I. 
Subsequent tra n s fo rm a tio n  and p la tin g  gave the  expected w h ite  plaque fo rm a tio n . 
F u ll d ideoxy sequencing was ca rrie d  ou t on 9 s ing le -s trand  tem p la tes . O f these, 5 
were id e n tic a l and were found to  be a de le tion  o f mp 11. The auto rad iograph  fo r  
one o f these tem p la tes  is shown in  F igu re  5 .6 . Reading o f the sequence s ta r ts  as 
expected ju s t to  the le f t  o f the p rim e r b ind ing  s ite  and proceeds through to  the
F igu re  5 .6  C lon ing o f Sau3A fragm en ts  In to  m p l l  ; Id e n tif ic a t io n  o f a de le tion  
m u tan t
5900----------------------------------------------   AAAAGAA&AA-
TTTTCTTTTT
6 0 2 5
6 0 0 0 -  1------------------------------------------------------------------------
6100-
6200-
Bam H I
■ s e q u e n c e  p r i m e r
The ve ry  d is tin c tiv e  run o f 5 T S , C , A T's aided in  the id e n tif ic a t io n  o f th is  
de le tio n  m u tan t.
Reading o f the sequence s ta rts , as expected, to  the le f t  o f  the p r im e r b inding 
s ite . H ow ever, on reaching the Bam HI s ite  (s ite  o f expected lig a tio n  o f a Sau3A 
fra g m e n t), the sequence jum ps to  nuc leo tide  6025 in  the  M 1 3 m p ll sequence, g iv ing  
a de le tio n  o f — 240 nucleo tides.
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Bam  H I s ite  w ith in  the  m u lt ip le  c lon ing  s ites  o f  mp 11. A t  th is  p o in t, the  sequence 
jum ps to  nuc leo tide  6025 in  the M13 sequence. T here fo re , the re  has been a 
d e le tio n  o f ~ 2 40  nuc leotides. Th is  de le tion  would cause in a c tiv a tio n  o f the 6 -  
galactosidase m a rke r and thus g ive  rise  to  w h ite  plaques (m is taken  fo r  recom b inan t 
m olecules).
The cause o f  th is  de le tio n  is unclear. Perhaps the  lig a tio n  o f  a p a r tic u la r  Sau 
3A  fra g m e n t rendered the  mp 11 m o lecu le  unstable and led  to  the  subsequent 
de le tion . W hatever the  cause, th is  problem  was no t encountered on using M13 
v e c to r mp 9.
5 .6 .c. C lon ing  Sau 3A fragm en ts  in to  M13 mp 9
F o r th is  c lon ing  expe rim en t I t r ie d  a ve ry  s im p le  c lon ing  procedure. The Sal 
I/E co R I rD N A  fra g m e n t was digested w ith  Sau 3A  ( G ATC ). M13 v e c to r mp 9 was 
re s tr ic te d  w ith  Bam H I (G G ATC C ). A f te r  incuba ting  fo r  90' a t 37°C , bo th  d igests 
were heated to  70°C  fo r  15' to  in a c tiv a te  the re s tr ic t io n  enzym es be fo re  lig a tio n . 
L ig a tio n  was ca rrie d  ou t using 200ng o f ve c to r and a 3 x m o la r excess o f in s e r t, in  a 
to ta l vo lum e o f 1 0 p l, fo r  3 hours. Th is  m ix  was then  trans fo rm ed  in to  3M 103 and 
p la ted  onto m in im a l agar (M ethods, 3.B.C.). The p la tes  w ere  le f t  to  in cuba te  a t 
37°C  o ve rn ig h t to  a llo w  plaque fo rm a tio n . Inspec tion  o f th e  p la tes  th e  fo llo w in g  
m orn ing  showed a to ta l o f  400 w h ite  plaques (recom b inan t m olecules). There  was a 
high background o f blue plaques (5 x). This was an expected re s u lt as the  lin e a r  
ve c to r had no t been gel p u r if ie d , g iv ing  the  o p p o rtu n ity  fo r  any uncu t m o lecu les to  
tra ns fo rm  w ith  high e ff ic ie n c y . A lso , the  ve c to r was n o t tre a te d  w ith  phosphatase 
and so re ta ine d  the  a b il ity  to  s e lf- lig a te . H ow ever several hundred recom binan ts  
was m ore than am ple fo r  subsequent sequence analysis. T h e re fo re  by using th is  
much s im p lif ie d  c lon ing  p ro c e d u re ,it is possible to  ob ta in  plaques fro m  w h ich  to  
p repare s ing le -s trand  tem p la tes  w ith in  24 hours o f ca rry in g  o u t the  in i t ia l  v e c to r 
and in s e rt digests.
S ince the  lig a tio n  m ix  had conta ined  a w ho le  a rray  o f Sau 3A  fra gm en ts .
F igu re  5 .7  C lon ing  o f Sau5A fragm en ts  : A  sample o f T - tra c k in g  pa tte rns .
The autorad iograph shows the  p a tte rn  o f T residues in  tem p la tes  25 ----- >
36.
By com paring the  tra cks  w ith  each o th e r i t  is possible to  p ick  ou t which 
tem p la tes  con ta in  the  same Sau3A fragm en ts .
25 is the  same as 28
26 is unique
27 is unique
29 is the  same as 31 
34 is unique 
36 is unique.
Tem pla tes 30, 32, 33 and 35 were no t o f good q u a lity  and so w ere  not 
considered fo r  fu th e r sequence analysis.
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Tem p la tes  show ing the  same 
T p a tte rn
T em p la te  chosen fo r  fu l l  
sequencing
1, 6, 13, 13
2, 9, 10, 2
3 3
4, 27, 47, 27
5 5
8 8
14 14
15 15
20, 29, 31, 45 20
25, 26 28
26 26
34, 41, 43 41
36,42 42
Table  5.2 T -tra c k in o  o f Sau3A fragm en ts : Id e n tica l
tem p la tes  and those chosen fo r  fu l l  sequencing
F igu re  5.8 Sequencing o f Sau3A fragm en ts  ; An exam ple
The tw o  loadings fo r  te m p la te  27 are shown.
The top  fig u re  shows how the  Sau3A fra g m e n t is o rien ted  in  M13mp9 to  
a llo w  sequence d e te rm ina tio n  rig h tw a rds  fro m  the  Sau3A s ite  a t pos ition  10, 
th rough to  the  next Sau3A s ite  a t pos ition  225.
N uc leo tides are num bered accord ing  to  the  com ple te  human IBS rD N A  
sequence (F igu re  5.22).
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F igure  5.9 Com bined sequence data  fro m  Sau5A fragm ents
A i l  Sau3A s ites w ith in  the IBS gene reg ion  are shown. U pper (righ tw a rds) 
arrow s denote sequencing runs on the "S" s trand . L ow e r ( le ftw a rd s ) arrow s 
denote sequencing o f the  "C " s trand . The tips  o f the arrow s in d ica te  the  leng th  
o f sequence obta ined fro m  a p a r tic u la r  re s tr ic t io n  s ite . F ragm ents a re  num bered 
accord ing  to  the  T -tra c k in g  (Table 5.2).
these w i l l  each be represented in  va ry in g  p ropo rtions  w ith in  the  to ta l num ber o f 
w h ite  plaques. Each fra g m e n t can also be c loned in  e ith e r o r ie n ta tio n . T he re fo re  
a s u ff ic ie n t num ber o f plaques have to  be p icked to  g ive  a good rep resen ta tion  o f 
th e  to ta l num ber o f d if fe re n t clones. T here fo re , s ing le -s trand  m a te r ia l was 
prepared fro m  48 w h ite  plaques (M ethods, 3.9.).
To p re ven t sequencing th e  same fra g m e n t several tim es, I used the  m ethod o f 
T -tra c k in g  to  Id e n tify  how m any d if fe re n t clones w ere  conta ined  w ith in  the  48 
tem p la tes . (M ethods 3.10.d.). Some o f th e  T -tra c k in g  p a tte rn s  are shown in  F igu re
5.7. Table  5.2. shows th e  com bined re su lts  o f the  T -tra c k in g  and w h ich  tem p la tes  
were subjected to  fu l l  d ideoxy sequencing. T he re fo re  having c a rr ie d  ou t 48 T - 
track ings , the  num ber o f f u l l  sequencing runs requ ired  was narrow ed  down to  only 
12.
One o f the  autoradiographs is shown in  F igu re  5.8. The com p le te  Sau 3A 
sequencing map is shown in  F igu re  5.9. The ra t  I8S  rD N A  sequence o f Torczynsk i 
e t ^  (1983) was used as an a id  to  a lign ing  the  fragm en ts  w ith in  the  human 18S 
gene.
F igu re  5.9 shows th a t the to ta l possible num ber o f tem p la te s  were conta ined  
w ith in  the  48 plaques p icked, g iv in g  a ve ry  good cover o f a lm ost the  w hole o f  the 
IBS gene fro m  one enzym e d igest alone. Th is  emphasises the speed w ith  w h ich  
sequence data is obta ined  using the  M13 c lon ing  and sequencing system .
No Sau 3A  fragm en ts  w ere  p icked  up fro m  the  5' ETS reg ion.
5.6.d. C lon ing  and sequencino o f Hpa I I  fragm en ts
The Sal 1/EcoR.I rD N A  fra g m e n t was d igested w ith  re s tr ic t io n  enzym e Hpa I I  
(CCGG). The p roducts o f d igestion  w ere  c loned in to  mp 9 c u t w ith  A cc  I 
(G TC G A C ),us ing  the  s im p lifie d  c lon ing  technique. 48 s ing le -s tranded  tem p la tes  
were prepared and these were sub jected  to  T -tra c k in g . A  la rge  p ro p o rtio n  o f the 
48 T -tra c k s  showed uptake o f very sho rt inse rts . There m ust be q u ite  a lo t  o f  
c lose ly  spaced Hpa I I  s ites  w ith in  the Sal I/E c o R I fra gm en t. Table 5.3 shows w h ich
Tem pla tes show ing the  same 
T p a tte rn
T e m p la te  chosen fo r  fu l l  
sequencing
1 1
2, 10, 31 2
3 3
7, 22 7
12 12
13 13
16 16
20, 27 27
26 26
28 28
Table  5.3 T - tra c k in o  o f H p a ll fragm en ts ; Id e n tic a l tem p la tes  
and those chosen fo r  f u l l  sequencing
F igu re  5.10 Seguencing o f H pa ll fragm en ts  ; A n  exam ple 
The tw o  loadings are shown fo r  te m p la te  13.
The top  fig u re  shows how the  H p a ll fra g m e n t is o rie n te d  in  M13mp9 to  
a llo w  sequence d e te rm ina tio n  rig h tw a rds  fro m  the  H p a ll s ite  a t pos ition  502. 
N uc leo tides are num bered accord ing  to  the  com ple te  sequence (F igu re  5.22).
The in s e rt is too  long to  a llo w  com p le te  sequence d e te rm ina tio n  r ig h t up 
to  the  next H p a ll s ite  a t pos ition  930. U n ce rta in  nucleo tides w ere  c la r if ie d  on 
the  opposite strand.
Code fo r  unce rta in  nuc leotides: H  = m ore than  1 G
D  -  m ore than  1 C 
A =  o rde r unc lear
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F igu re  5.11 Com bined sequence data fro m  H p a ll fragm ents
A i l  H p a ll s ites w ith in  the  18S gene reg ion  are shown. U pper (r igh tw a rd s ) 
arrow s denote sequencing runs on the "S" strand. Low er ( le ftw a rd s ) a rrow s 
denote sequencing o f the  "C " strand. The tips  o f the arrow s In d ica te  th e  leng th  
o f sequence obta ined fro m  a p a r tic u la r  re s tr ic t io n  s ite . F ragm ents are num bered 
according to  the  T -tra c k in g  (Table  5.3).
clones conta ined  la rg e r inserts  and those th a t were subjected to  f u l l  d ideoxy 
sequencing. The re su lting  auto rad iograph  fo r  one o f the  tem p la tes  is shown in 
F igu re  5.10. The com p le te  Hpa I I  map is shown in  F igu re  5.11. T e m p la te  3 could  
not be f i t t e d  in to  the  IBS sequence. This fra g m e n t Is obviously conta ined w ith in  
the ETS reg ion  o f the Sal I/E co R I fra gm en t. I have m arked on the  map the 
pos itions o f the  c lose ly  spaced Hpa I I  s ites w h ich  w i l l  have c o n trib u te d  to  the  la rge  
num ber o f  tem p la tes  having short inse rts . I suspect th a t  th e  ETS reg ion  also gave 
rise  to  a la rge  num ber o f clones con ta in ing  short fragm en ts ,as  th is  reg ion is known 
to  be ve ry  GC r ic h  and so would be expected to  possess a h igh percentage o f Hpa II 
s ites  (CCGG).
5.6.e. C lon ing  and sequencing o f Taq I  fragm ents
Since I a lready had the  sequence o f the  Taq I fra g m e n t extend ing  rig h tw a rds  
fro m  ju s t outs ide  th e  s ta r t  o f the  185 gene (F igu re  5.18), 1 w anted to  use th e  Xba 
I/E co R I fra g m e n t fo r  subsequent analysis w ith  Taq I. Th is fra g m e n t was prepared 
fro m  an Xba I/E co R I double d igest o f the paren t p lasm id  pHrB-SE (F igu re  5.12).
The X ba l/E coR I fra g m e n t was digested w ith  re s tr ic t io n  enzym e Taq I. Since 
Taq I  d igestion  is c a rrie d  o u t a t  60°C , the  enzym e could  n o t be hea t in a c tiv a te d . 
Phenol e x tra c tio n  was c a rrie d  ou t to  rem ove the enzym e p r io r  to  lig a tio n . Three 
lig a tio n s  were c a rrie d  out. One th ird  o f  the  Taq I d igest was lig a te d  in to  mp 8 c u t 
w ith  A cc  I,w h ich  would a llow  the  uptake o f fragm en ts  bound by a Taq I s ite  a t bo th  
ends. The rem a in ing  d igest m ix  was s p lit  equa lly  between mp 8 and mp 9 doubly 
d igested w ith  A cc  I  and EcoR I. In  th is  way i t  was possible to  c lone the  3' 
T aq l/E coR I fra g m e n t in  both  o rie n ta tio n s ,to  a llo w  sequence d e te rm in a tio n  r ig h t  up 
to  and le ftw a rd s  fro m  the  E coR I s ite . T ra n s fo rm a tio n  and p la tin g  gave r is e  to  the  
expected w h ite  plaque fo rm a tio n . 40 s ing le -s trand  tem p la tes  were prepared fro m  
the lig a tio n  in to  mp 8 cu t w ith  A cc  I. In the case o f  lig a tio n  in to  doubly cu t 
vec to rs , a ll plaques should conta in  the  same in s e rt and so I  p icked  on ly 3 plaques 
fro m  each o f mp 8 and mp 9.
F igu re  5.12 D iges tion  o f pHrB-SE w ith  X ba l and EcoRI
The top  fig u re  shows the  pos itions o f the X ba l and EcoR I s ites  in  clone pH rB -
SE.
The products o f d igestion  w ith  X ba l and EcoR I are shown be low . The 
fragm en ts  are num bered in  o rde r o f decreasing size.
F ragm ent 2 was used fo r  subsequent re s tr ic t io n  w ith  Taql.
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T em pla tes show ing the same 
T p a tte rn
T em p la te  chosen fo r  fu l l  
sequencing
1 1
3 3
4, 6, 12 4
7 7
8, 39 8
9, 18 9
10, 17, 19 10
11 11
14 14
20, 37 20
21 21
23 23
24, 26 24
36 36
41, 42, 43 41, 42
44, 45, 46 44, 45
Table 5.4 T -tra c k in g  o f  Taq l fragm en ts : Id e n tica l tem p la tes  
and those chosen fo r  fu l l  sequencing
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F igure  5.15 Com bined sequence data  fro m  Taq l fragm ents
A i l  Taql s ites w ith in  the  18S X ba l/E coR I fra g m e n t are shown. U pper 
(r igh tw a rds) a rrow s denote sequencing runs on the  "S " s trand . L o w e r ( le ftw a rd s ) 
arrow s denote sequencing runs on the  "C " strand . The tip s  o f the a rrow s denote 
the leng th  o f sequence obta ined fro m  a p a r tic u la r  re s tr ic t io n  s ite . F ragm ents  
are num bered accord ing to  the  T -tra c k in g  (Table  5.4).
F ig u re  5.14 Sequencing o f the T aq l/E coR I fra g m e n t on the R N A -Ilk e  strand
The upper fig u re  shows the  o r ie n ta tio n  o f the  T aq l/E coR I fra g m e n t in 
v e c to r M13mp8 c u t w ith  A cc I and EcoRI.
The re su lting  autoradiographs are shown below . N uc leo tides are 
num bered according to  the  com p le te  sequence (F igu re  5,22).
U n ce rta in  nucleo tides were c la r if ie d  by sequencing the  opposite strand.
Code fo r  unce rta in  nucleotides: H  = m ore than  1 G
D -  m ore than  1 C 
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T -tra c k in g  was ca rrie d  ou t on a ll 46 s ing le -s trand  tem p la tes . Table 5.4 shows 
w h ich  tem p la te s  w ere  sub jected  to  f u l l  d ideoxy sequencing. The re su ltin g  map is 
shown in  F igu re  5.15. The map shows th a t a la rge  num ber o f tem p la tes  conta ined 
th e  th ree  Taq I fragm en ts  a t the  5' end o f  the  Xba I/E c o R I fra g m e n t jo ined  up in 
various o rie n ta tio ns  and com binations. The righ tw a rds  sequencing run fo r  the  5' 
Taq I/E co R I fra g m e n t is shown in  F igu re  5.14. O n ly  tw o  possible tem p la tes  were 
not p icked  up (bo th  le ftw a rd s  and rig h tw a rds  fro m  Taq I  (1046) ).
5.7. Sequencing o f the  5' end o f the 185 Gene
The ex trem e  5' end o f  the human 183 rR N A  gene is conta ined  in  p H r A
(F igu re  5.1.). I  w anted to  c a rry  ou t digests on the  w hole  p lasm id  th a t w ou ld  g ive 
th is  rem a in ing  188 rD N A  reg ion  conta ined in  a fra g m e n t o f a su itab le  s ize fo r  
c lon ing . I t  is w id e ly  be lieved  to  be p re fe re n tia l to  have fragm en ts  o f less than  
1000 bp fo r  successful c lon ing  in to  M15. R e s tr ic t io n  m apping o f th is  la rge  E coR I A  
fra gm en t had been ca rrie d  o u t by E rickson e t. a l. (1981). I t  conta ins s ing le  s ites 
fo r  re s tr ic t io n  enzym es Xba I  and Kpn I  a t a p p ro x im a te ly  0 .2kb and 0;78kb fro m  
the  185 E coR I s ite  re sp e c tive ly  (F igu re  5.15 (a)). By c lon ing  the  E co R I/X b a l 
fra gm en t, i t  w ould be possible to  sequence the  w hole fra g m e n t fro m  bo th  ends. 
The Xba I  s ite  is s t i l l  w ith in  the 183 gene, how ever by c lon ing  the  Xba I /K p n l 
fra g m e n t i t  w ou ld  be possible to  sequence fro m  the  X ba l s ite  th rough th e  end o f 
the 183 gene in to  ITS 1. C lon ing  o f  the E co R I/K p n l fra g m e n t w ould a llow
sequencing through the  X ba l s ite . V ec to r p a ir mp 18 /  mp 19 (F igu re  2.5) con ta in
re s tr ic t io n  s ites fo r  the  th ree  enzymes EcoRI, Xba I and Kpn I and so can be used 
to  clone the  th re e  ribosom al fragm en ts  in  both o rien ta tions .
2ng a liquo ts  o f p H rA  w ere  re s tr ic te d  w ith  th e  th re e  double d igests, and 0.2ng 
was run  on a 1% agarose m in i-g e l to  check the  presence and re la t iv e  pos itions o f 
these s ites in  p H r A  (F igu re  5.15(b)). The gel showed the  expected  re su lt. The 
p lasm id  digests were h e a t- in a c tiv a te d  be fo re  subsequent lig a tio n .
F igu re  5.15 R e s tr ic t io n  o f p H rA  w ith  EcoR I, X ba l and Kpn I
(a) Shows the  s ites  fo r  X ba l and K pn l w ith in  the  E coR I A  fragm en t, 
accord ing to  E rickson e t al (1978)
(b) 2pg lo ts  o f pH rA  were d igested w ith  EcoR I + X ba l, EcoR I + Kpn I and 
X ba l + Kpn L  1 /10 o f the  digests w ere  run  on a 1% agarose m in i gel.
Lane 1 O.Zpg o f pH rA  c u t w ith  EcoR I + X ba l
Lane 2 0.2^g o f  pH rA  c u t w ith  EcoR I + K pn l
Lane 3 0.2pg o f  p H rA  c u t w ith  X ba l + K pn l
Lane A U n cu t pH rA .
In  lanes 1, 2 and 3 the  app rop ria te  sm a ll bands are shown, g iv in g  co n firm a tio n  
o f the map o f E rickson e t a l (1978).
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F ig u re  5.16 C lon ing  in to  m p l6 /m p l9  ; S ingle stranded tem p la tes  and
sequence d e te rm ina tio n
(a) C lon ing and sequencing o f the E co R I/X b a l fra gm en t.
(b) C lon ing  and sequencing o f  the  E co R I/K p n l fra gm en t.
(c) C lon ing  and sequencing o f the X b a l/K p n l fra gm en t.
(a)
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3 '-
Xbal
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I mpl8 I
Xbal C EcoRI
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F igu re  5.17 Sequencing o f the  3* E co R I/X b a l fra gm en t on the  com plem entary 
strand
The upper fig u re  shows the o r ie n ta tio n  o f the  E co R I/X b a l fra gm en t in 
v e c to r M 13m p l8 .
The re su lting  autoradiographs are shown below . N uc leo tides are 
num bered accord ing  to  the com p le te  sequence (F igure  5.22).
Code fo r  uncerta in  nuc leo tides: H  = m ore than  1 G
D  -  m ore than  1 C 
'^= o rde r unc lear
? = presence o f a nuc leo tide  unce rta in  
B = m ore than  1 A
E c o R I  
m p 18 1639
X b a  1
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Six lig a tio n s  were c a rr ie d  o u t^w ith  each p lasm id  d igest being s p lit  between 
ve c to r p a ir  mp 18/m p 19 c u t w ith  the app rop ria te  p a ir o f enzymes. There was no 
need to  p u r ify  the  ribosom al fragm en ts  o f in te re s t be fore  lig a t io n  as the  o th e r 
fragm en ts  generated in  the p lasm id  digests w ould  be too  la rge  to  c lone. The 
lig a tio n  m ixes were trans fo rm ed  in to  JM  103 and p la ted  onto m in im a l agar. F igu re  
5.16 shows the  expected s ing le -s trand  tem p la tes  and th e re fo re  the  d ire c tio n  o f 
sequence d e te rm ina tio n . F igu re  5.17 shows the  re su ltin g  auto rad iog raph  g iv in g  the 
sequence o f the  E co R I/X b a l fra g m e n t le ftw a rd s  fro m  the  Xba I  s ite .
The lig a tio n s  in vo lv in g  K pn l gave problem s in  the id e n t if ic a t io n  o f tru e  
recom binan ts. Each o f  the  4 tra ns fo rm a tio ns  gave rise  to  w h ite  p laques,w h ich  on 
subsequent sequence analysis were shown to  be ve c to r m olecules w ith  one o r tw o  
nuc leo tides de le ted. Th is w i l l  have resu lted  in  an a lte ra t io n  o f the  reading fram e  
and th e re fo re  in a c tiv a tio n  o f the  6 -ga lactos idase  m a rke r. I  suspect th is  was due to  
the presence o f co n tam ina ting  exonuclease a c t iv ity  in  Kpn I. I d id  even tua lly  
manage to  p ick  plaques w h ich  gave the  sequence righ tw ards  fro m  the  E coR I s ite  
th rough the  X ba l s ite  and rig h tw a rds  fro m  th e  Xba I s ite  through th e  end o f th e  IBS 
gene. No sequence data was obta ined le ftw a rd s  fro m  the  Kpn I s ite .
5.8. The C drnp le te  N uc le o tid e  Sequence o f  th e  Hum an 18S rR N A  Gene
The com p le te  sequencing map fo r  the  de te rm ina tio n  o f the  IBS nuc leo tide  
sequence fo r  human is shown in  F igu re  5.18. A  num ber o f the  sequencing gels are 
shown In  the  te x t  (F igures 5.8, 5.10, 5.14, 5.17). Inspec tion  o f these 
autoradiographs show c h a ra c te r is t ic  fea tu re s  o f d ideoxy sequencing. In  th e  case o f 
double ts, the  upper C  is a lways m ore  in tense than  th e  low e r C , th e  upper G is o fte n  
m ore in tense than the  lo w e r G (espec ia lly  when the  doub le t is preceded by a T), the  
upper A  is o fte n  less in tense than the  lo w e r A . R em em bering  these fe w  ru les  aids 
in  the in te rp re ta tio n  o f d ideoxy sequencing gels.
A l l  o f the  sequence was dete rm ined  on both s tra nd s ,w ith  the  excep tio n  o f the
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F igure  5.18 C om ple te  sequencing map fo r  human IBS rP N A
O nly those re s tr ic t io n  s ites a t the  s ta r t  o r end po in ts o f  sequencing runs 
are shown. The arrow s show the  d ire c tio n  and leng th  o f sequence ob ta ined  fro m  
a p a r tic u la r  re s tr ic t io n  s ite . The maps o f the  in d iv id ua l enzymes show the  
num bering o f the  s ing le-stranded tem p la tes  and the  num ber o f t im e s  each 
p a rtic u la r fra g m e n t was sequenced (F igures 5 .9 , 5.11 and 5.13).
5’ 9 nuc leo tides and 3’ 54 nuc leo tides w h ich  were dete rm ined  on ly on the  R N A -lik e  
strand. The 3' E coR I s ite  was read up to  and fro m  in  both  d ire c tion s , b u t not 
th rou g h ,a s  th is  p o in t was an in it ia l c lon ing  s ite  in  plasm ids pHrB-SE and pH rA . 
H ow eve r, th is  s ite  has since been sequenced through in  a human rD N A  clone 
con ta in ing  th is  EcoR I s ite  (prepared and sequenced by B .E .H . Maden).
As w ith  M a xa m -G ilb e rt sequencing, d ideoxy sequencing gels can show regions 
o f unevenly spaced bands ^  o r in  the  m ost severe cases, show severa l bands 
compressed tog e the r m aking i t  im possib le  to  in te rp re t these regions o f the  gel. 
These com pression e ffe c ts  tend  to  occur in  G /C  r ic h  areas in  th e  sequence w h ich  
can fo rm  lo ca l secondary s truc tu res . H ow ever,secondary s tru c tu re  e ffe c ts  do no t 
tend  to  occur a t e x a c tly  the same pos ition  on both  strands and so by com paring  the 
com p lem en ta ry  gels, the com p le te  sequence can usually be deduced. T h e re fo re  any 
dou b tfu l readings on one s trand  were a lways checked on the  opposite  strand . There 
was one compression e ffe c t  where one nuc leo tide  rem ained unce rta in  on both 
strands. Th is reg ion is shown in  th re e  gels (tw o  on the  rig h tw a rds  s tra nd  and one on 
th e  le ftw a rd s  strand) in  F ig u re  5.19. R igh tw ards gels suggest a TT  doub le t a t 
nuc leo tides 1775-1776. H ow ever sequencing o f the le ftw a rd s  s trand  could  be 
in te rp re te d  as 1 o r 2 A  residues. This u n ce rta in ty  was reso lved by re s tr ic t io n . The 
presence o f on ly one T residue w ould g ive  a re co gn itio n  s ite  fo r  B s tN I (CCTG G) a t 
th is  po in t. The sm a ll E coR I/X b a l fra g m e n t ( id e n tif ie d  in  F igu re  5.15) was prepared 
fro m  p lasm id  pH rA . This fra gm en t was shown to  be c u t in to  tw o  fra gm en ts  o f  ve ry  
d if fe re n t size on d igestion  w ith  B s tN I (F igu re  5.20). T h e re fo re  th e re  is on ly a 
s ing le  T residue a t nuc leo tide  1775 on the  R N A -lik e  strand.
Since I had no t sequenced the  ETS reg ion  conta ined in  p lasm id  pHrB-SE, I 
w anted to  es tim a te  the s ize o f th is  reg ion  (F igu re  5.21). pHrB-SE was d igested 
w ith  Sal I  and Xba I and the products o f d igestion  separated on a 4% acry lam ide  
gel. B y running an A lu l d igest o f pBR322 alongside the  d igest o f pHrB-SE, the  
S a ll/X b a l band is shown to  run s lig h t ly  fa s te r than  a 910 bp A lu l fra g m e n t. I would 
e s tim a te  th e  Sal 1/XbaI fra g m e n t to  have a s ize o f 820-840bp. F rom  the  sequence
F igu re  5 .19 Com pression e f fe c t  in  reg ion 1770-1780
Three gels covering  th is  reg ion  are shown.(i) and (Ü) g ive  the  sequence o f 
th is  reg ion  on the R N A -lik e  strand and ( i i i )  covers th e  com p lem en ta ry  strand.
By com paring the th ree  gels i t  is possible to  de te rm ine  the  nuc leo tide  
sequence o f th is  reg ion unam biguously excep t fo r  1 nuc leo tide  (shown a t the 
bo tto m  o f the fig u re ). The righ tw ards  gels show tw o  c lose ly  spaced T residues 
a t nucleo tides 1775-1776. The le ftw a rd s  gel is ambiguous a t th is  po in t. 
N uc leo tides  are num bered accord ing to  the  com p le te  sequence (F igu re  5.22).
Code fo r  uncerta in  nuc leo tides: H  = m ore than  1 G
D -  m ore than  1 C 
A =  o rde r unclear
? = presence o f a nuc leo tide  unce rta in .
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F igu re  5.20 Id e n tif ic a t io n  o f a B stN I s ite  a t nuc leo tide  1773
The in d ica ted  E coR I/X ba l fra g m e n t was digested w ith  B stN I. The 
possible re s tr ic t io n  products are shown in  the  to p  fig u re .
A  H a e lll size m arke r d igest was ca rrie d  o u t on pBR322 (sizes in  bp): 587,
540, 504, 458, 434, 267, 234, 213, 192, 184, 124, 123, 104, 89, 80, 64, 57, 51,
21, 18, 11, 8.
F ragm ents w ere  separated on a 4% acry lam ide  gel.
Lane (1) H a e lll d igest o f pBR322
(2) B s tN I d igest o f E coR I/X b a l fra g m e n t
(3) U n cu t E coR I/X b a l fra gm en t.
The re s u lt shows the presence o f a B stN I s ite  a t position  1773 (CCTGG). 
T h e re fo re  th e re  is on ly 1 T residue in  th is  reg ion and no t a TT  doublet as
suggested by sequencing o f the R N A -lik e  strand.
BstN I 
(1773)
EcoR 1 
(1639)
1 3 C
Xba I 
( 1 8 1 1 )
38
1 2 3
I I I
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F igu re  5.21 S izing o f the ETS reg ion  in  pHrB-SE
The positions o f the  re s tr ic t io n  s ites  fo r  X ba l in p lasm id  pHrB-SE are 
shown in  the top  fig u re .
0.5pg o f pHrB-SE was d igested w ith  Sail and X ba l and the  p roducts o f 
d igestion  separated on a 4% p o lyacry lam ide  ge l. A n  A lu l d igest o f pBR322 
provided su itab le  s ize m arkers.
Band 2 conta ins the  D N A  fra gm en t bound by S ail and the  f i r s t  X ba l s ite  
in  the  18S gene. By com parison w ith  the  s ize m arkers th is  fra g m e n t has a size 
o f - '8 2 0 -8 4 0  bp. The X ba l s ite  is known to  be a t nuc leo tide  161 in  the  IBS 
gene. T he re fo re  the  ETS reg ion  has a s ize o f  ~66Q-680bp.
E c o R  I
S a l  I
X b a  I
910,
659 '
-  2
-  3
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data , the  Xba I s ite  is known to  be a t pos ition  161 in  the IBS sequence. There fo re  
the  ETS reg ion  bound by the  Sal I s ite  has a size o f 66Q-680bp. Th is  f i t s  in  w ith  an 
e a r lie r  obse rva tion :- D u ring  the  sequence de te rm ina tio n  o f the SauJA fragm en ts  o f 
the  S a ll/E co R I fra g m e n t, no sequence data was obta ined fo r  th e  ETS reg ion  
(section  5 .6 .c.). The f i r s t  Sau3A s ite  in  the IBS gene is a t nuc leo tide  10. I f  no 
Sau3A s ites  are p resent in  th e  ETS reg ion , d igestion  o f th e  S a ll/E co R I fra g m e n t
I
w ith  Sau3A would g ive  a la rge  fra g m e n t o f 670-690 bp. Look ing  a t F igu re  5.5, 
d igestion  o f th e  Sal I/E c o R I fra g m e n t w ith  Sau3A does indeed g ive  a fra g m e n t o f 
'*■680 bp. F u rthe rm o re , th is  fra g m e n t is m issing in  the correspond ing d igest o f  
pHrB-SE and so m ust have the  Sail s ite  a t one end. T h e re fo re , I  w ould conclude 
th a t the re  are no Sau3A s ites in  the  human ETS reg ion between the  Sal I s ite  and 
the  s ta r t  o f  the  IBS gene.
C o m p ila tio n  o f the to ta l sequence data  gives the com p le te  nuc leo tide  
sequence o f  human IBS rD N A  bounded by a sm a ll am ount o f ETS and ITS 1 (F igu re  
5.22). This human gene is 1870 bp long. C om parison o f th is  sequence w ith  o th e r 
pubMshed data  fo r  the  sm a ll subun it rR N A 's  Is discussed in  C h a p te r 6.
F igure  5.22 C om p le te  nuc leo tide  sequence o f human I8S  rD N A
The fig u re  shows the  com p le te  IBS rD N A  sequence o f human, determ ined 
fro m  clones pHrB-SE and pH rA . The s trand  synonomous to  R N A is shown. Clone 
pHrB-SE provided the  sequence fro m  the  s ta r t  o f the  IBS gene through to  the 
E coR I s ite  (G A A T T C ) a t nuc leo tide  1639. The rem a in ing  3' reg ion was 
dete rm ined  fro m  clone pH rA . A  sm a ll am ount o f sequence data fro m  the 
ad jo in ing  ETS and ITS 1 are also included.
ETS AG CTCGCGCGCT CTACCTTACC - 1
I8s TACCTGGTTO ATCCTOCCAO TAGCATATCC' TTOTCTCAAA O AITAAO CC A TCCATCTCTA 60
AOTACGCACO GCCCGTACAG TGAAACTCCO AATGOCTCAT TAAATCAO TT ATCO TTCC TT 1 2 0
TCCTCGCTCG CTCCTCTCCC ACTTGOATAA CTGTCGTAAT TCTACAGCTA ATACATOCCG 180
ACGGOCGCTG ACCCCCTTCC COGGGGGGAT GCGTGCATTT ATCACATCAA AACCAACCCG 2 « 0
CTCACCCCCT CTCCOGCCCC GGCCGGGCCC CGGGCGCCGG CGCCTTTGCT OACTCTAGAT 3 0 0
AACCTCGGGC CGATCGCACG CCCCCCCTOO CGGCGACGAC CCATTCGAAC OTCTGCCCTA 3 6 0
TCAACTTTCG ATOOTACTCG CCGTGCCTAC CATGOTGACC ACGOGTGACG CGGAATCAGO « 2 0
GTTCGATTCC COAGAGGGAG CCTGAGAAAC GGCTACCACA TCCAAGCAAG CCAGCAGGCG U80
CGCAAATTAC CCACTCCCGA CCCGGGGAGG TAGTGACGAA AAATAACAAT ACAGGACTCT 5 4 0
TTCGACOCCC TOTAATTCCA ATGAGTCCAC TTTAAA TC C T TTAACGAGGA TCCATTOOAC 6 0 0
GGCAAGTCTG GTOCCAGCAG CCCCGGTAAT TCCAGCTCCA ATAGCGTATA TTAAAG TTG C 6 6 0  
TGCAOTTAAA AAGCTCGTAG TTGGATCTTG GGAGCOOGCC CGCCCTCCGC CGCGAGGCGA 7 2 0  
GCCACCOCCC CTCCCCGCCC CTTGCCTCTC GGCCCCCCCT CGATGCTCTT AGCTGACTGT 7 8 0  
CCCCCCCCOC CCGAACCCTT TACTTTGAAA AAATTAGAGT G ÎTC AAA G C A GCCCCGACCC 8 « 0  
O CCIG O ATAC CGCAGCTAGG AATAATCGAA TAOCACCCCG G TTC T A TTT T  G TTG G TTTTC 9 0 0  
GGAACTCACG CCATGATTAA GACCOACGOC CGGOCGCATT CGTATTGCGC COCTACAOOT 9 6 0  
G AAATTCTTG GACCGGCOCA AGACGGACCA GACCGAAAGC ATTTGCCAAC A A TC T TTTC A  1 0 2 0  
TTAATCAAG A ACCAAAGTCG GAGGTTCGAA GACOATCACA TACCCTCGTA GTTCCOACCA T080  
TAAACCATGC CGACCCGCCA ÎCCCGCGGCG TTATTC CCAT GACCCCCCCG CCAGCTTCCO 1 1 4 0  
CCAAACCAAA OTCTTTCGGT TCCGGGGGGA GTATGGTTGC AAAGCTGAAA CTTAAAGGAA 1 2 0 0  
TTCACOGAAC OGCACCACCA GCACTCGACC CTGCGGCTTA ATTTOACTCA ACACGGCAAA 1 2 6 0  
CCTCACCCGG CCCGGACACG GACAGOATTG ACAOATTCAT AG CTCTTTCT CGATTCCOTG 1 3 2 0  
GGTCOTGGTG CATGGCCOTT CTTACTTGGT GGACCGATTT GTCTGGTTAA TTCCGATAAC 1 3 8 0  
GAACGAGACT CTGCCATCCT AACTAGTTAC CCCACCCCCG AOCGGTCGGC OTCCCCCAAC 1 4 4 0  
TTCTTAOACG CACAACTGGC GTTCACCCAC CCGAGATTGA GCAATAACAG GTCTGTCATG 1 5 0 0
CCCTTAGATC TCCGCGGCTG CACOCCCCCT ACACTGACTG GCTCAGCOTG TOCCTACCCT 1 5 6 0
ACGCCCGCAG CCGCGGGTAA CCCGTTGAAC CCCATTCGTG ATGGGGATCO GGCATTCCAA 1 6 2 0
TTATTCCCCA TCAACCAGGA ATTCCCAGTA AGTOCCOGTC ATAACCTTGC G TTG ATTAAG  1 6 8 0
TCCCTOCCCT TTCTACACAC CGCCCOTCGC TACTACCGAT TGGATCGTTT AGTGAGOCCC 1 7 4 0
TCCGATCGGC CCCGCCGOOG TCGGCCCACO GCCCTGGGCG CAGCCCTCAC AAOACOOTCC 1 8 0 0
AACTTGACTA TCTAGAGGAA CTAAAACTCG TAACAAGGTT TCCGTACGTG AACCTGCGGA i8 6 0
AGGATCATTA ,@70
1TS 1 ACGCACCCCG G
C H APTER  6
DISCUSSION
6.1. Xenopus IBS rD N A
The find ings o f th is  study are th a t the p rev ious ly  reported  )<. laev is  sequence 
has been co rre c ted  by the add ition  o f one nuc leo tide , and th a t  laev is  and X . 
borea lis  IBS rD N A  d if fe r  a t on ly tw o  points.
6 .1.8. C o rre c tio n  to  the X . laev is  sequence
The p rev ious ly  reported  IBS rD N A  sequence fo r  laev is  (S a lim  and Maden, 
1981; Maden e t a l., 1982a) has been co rre c te d  to  inc lude  an A  residue a f te r  G684. 
Th is nuc leo tide  has rem ained undetected in previous M a xa m -G ilb e rt sequencing 
studies due to  the  u n fo rtu na te  presence o f a com pression a t th is  p o in t on both 
strands, masking th e re fo re  both  the A  residue on the  R N A -lik e  s trand  and the  T 
residue on the com p lem en ta ry  s trand . The ^  laev is  sequence was re -exam ined  a t 
th is  p o in t, on id e n tify in g  the  presence o f th is  A  residue in  b o rea lis  clone 
p X b r lO l by re s tr ic t io n  analysis and subsequent sequence analysis (discussed in 
C hap te r 4). The lo ca tion  o f th is  A  residue gives rise  to  an A lu l re co g n itio n  s ite  
(A G C T). A lu l was n o t u tilis e d  in  sequencing th is  reg ion  in  previous stud ies (Salim  
and Maden, 1981; Maden e t a l., 19B2a). This c la r if ie s  the anom aly betw een the 
num ber o f A lu l s ites  de tec ted  by the re s tr ic t io n  analysis o f Boseley e t  (1979), 
and the M a xa m -G ilb e rt sequence analysis o f Salim  and Maden, (1981).
The X . laev is  sequence th e re fo re  has been co rrec ted  to  1826 nuc leo tides, 
w ith  nucleo tides dow nstream  o f A685 being re-num bered plus one accord ing  to  
th e ir  o rig in a l num bering (Salim  and Maden, 1981). The presence o f th is  A  residue 
does no t a lte r  any o th e r conclusion about IBS rD N A  o r IBS rR N A . This A  residue is
- I Z l -
Ibca ted  in  a reg ion  a lready known to  be p hy logene tica lly  va ria b le  among a wide 
range o f species (reg ion b in  Salim  and Maden, 1981) and so does no t a f fe c t  the 
id e n tif ic a t io n  o f h igh ly  conserved sequences in  IBS rR N A . The dideoxy chain 
te rm in a to r  m ethod o f sequencing has g iven d ire c t evidence fo r  the  presence o f th is  
e x tra  nuc leo tide  in  a ll X . laev is  clones exam ined in  th is  study and so does n o t a ite r  
the  conclusion th a t >C laev is  IBS rD N A  is h igh ly  homogeneous (Maden ^  W., 
1982a). Maden _et a l., (1982a) also showed th a t  )C laev is  18S rD N A  does no t possess 
any m a jo r open reading fram es to  a llo w  i t  to  a c t as a p ro te in  coding gene. The 
inc lus ion  o f an e x tra  A  does no t a lte r  th is  conclusion.
Th is e x tra  A  residue has a lready been inco rpo ra ted  in  the  re ce n t secondary 
s tru c tu re  m odel fo r  X . laev is  IBS rR N A  (A tm a d ja  e t a l., 1984).
6 .1.b. X . laev is  and X . borea lis  IBS rD N A  d if fe r  a t on ly tw o  points
Com parison o f the  IBS rD N A  sequence fo r  >C borea lis  clone p X b r lO l (Fu rlong  
and Maden, 1983; and th is  w ork) w ith  the corresponding laev is  sequence (Salim  
and Maden, 1981; Maden e t ^ . ,  1982a) has shown th a t these tw o  species d if fe r  fro m  
each o th e r a t on ly tw o  po in ts w ith in  the  1826 nucleo tides. B o th  changes o ccu r as a 
re s u lt o f a base su bs titu tion . A t  nuc leo tide  679, a G residue in  the  X . laev is  
sequence is su bs titu ted  by an A  residue in  th e  ^  borea lis  sequence. S im ila r ly , a t 
pos ition  1724, a C  residue in  X  laev is  is rep laced by an A  residue in  X . b o rea lis .
I am co n fid e n t th a t the  >C borea lis  sequence de te rm ined  fro m  clone p X b r lO l 
is c o rre c t, and th a t no o th e r d iffe re n ces , a p a rt fro m  the  tw o  s ta te d  above, ex is t 
between the tw o  close ly re la te d  Xenopus species. B y ca rry in g  o u t th e  sequence 
analysis o f bo th  species in  the  same ia b o ra to ry , the ^  laev is  data was a t hand fo r  
cross-checking  purposes and I was able to  take  p a r tic u la r  care in reg ions a lready 
known to  be te ch n ica lly  d if f ic u lt .
The tw o  s ites  o f v a r ia tio n  occur in  regions a lready know n to  be 
p hy log e ne tica lly  va riab le  (Salim  and Maden, 1981). N uc le o tid e  679 is con ta ined  
w ith in  va ria b le  reg ion b (encompassing nuc leo tides 651-761) and nuc leo tid e  1724 is
conta ined  w ith in  va riab le  reg ion d (nuc leo tides 1696-1770). T here fo re , these s ites  
o f m in im a l d ivergence between X  laev is  and borea lis  IBS rD N A 's  are in  
accordance w ith  la rg e r phy logene tic  trends.
I t  was conce ivab le  th a t these tw o  sites o f v a r ia tio n  m ig h t have in d ica ted  
s ites o f sequence he te rogene ity  w ith in  X  borea lis  IBS rD N A . H ow ever, sequence 
analysis o f a range o f borea lis  and X  laev is  clones th rough both  o f  these s ites  
(sum arised in  Table  4.1) showed the  sequence a t bo th  s ites to  be f ix e d  w ith in  each 
species, and the re  were no signs o f sequence he te rogene ity  w ith in  the  surrounding 
p hy log e ne tica lly  va riab le  regions. Th is com plem ents the  find ings o f  Maden e t 
(19B2a), th a t laev is  IBS rD N A  is h ig h ly  homogeneous. I am co n fid e n t th a t 
likew ise , the  IBS sequence obta ined fro m  X  borea lis  clone p X b r lO l Is 
rep resen ta tive  o f borea lis . I t  could  be argued th a t  one w ou ld  have to  look  a t 
many m ore clones to  seek fo r  signs o f  he te rogene ity . H ow ever, I  th in k  i t  can be 
concluded th a t a lthough i t  would be in c o rre c t a t th is  present t im e  to  exclude the  
p o ss ib ility  o f ve ry  lo w  leve ls  o f in traspecies he te rogene ity  a t the  tw o  s ite s  o f 
va ria tion , th is  w ork does no t in d ica te  m a jo r he te rogene ities.
H ow  do the tw o  sequence changes a lte r  the  secondary s tru c tu re  m odel fo r  X  
laev is  IBS rR N A ? F igu re  6.1 shows the re le va n t regions fro m  the  secondary 
s tru c tu re  m odel o f  A tm a d ja  je t (1984), con ta in ing  the tw o  po in ts  o f v a r ia tio n . 
N uc le o tid e  679 is conta ined w ith in  a s ing le-s tranded reg ion  o f rR N A  a t th e  base o f
a h e lica l a rm . A  G  ----- > A  su b s titu tio n  can occur fre e ly  w ith o u t having any
consequence on the  secondary s tru c tu re . N uc le o tid e  1724 is lo ca te d  a t the
extrem e  t ip  o f a h e lica l arm . A ga in , the  C  > A  s u b s titu tio n  does no t destab ilise
the secondary s tru c tu re  model in  any way. B o th  o f these changes occu r in  reg ions 
o f the  m o lecu le  where the d e ta ils  o f secondary s tru c tu re  are known to  be va riab le  
among a w ide range o f  organisms. So again, the  m in im a l d ive rgence  betw een X. 
laev is  and _X borea lis  in  th e ir  secondary s tru c tu re  m odels f i t s  in  w ith  reg ions o f 
much la rg e r scale phy logene tic  trends.
F igu re  6.1 L oca tio n  o f the  tw o  po in ts o f v a r ia tio n  in the secondary
s tru c tu re  modei fo r  X . laev is  IBS rR N A
The upper fig u re  shows the  lo ca tio n  o f the  base s u b s titu tio n  a t pos ition  
679. The lo w e r fig u re  shows the lo ca tio n  o f the base s u b s titu tio n  a t pos ition  
1724.
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6 .1 .c. V e ry  d if fe re n t ra tes  o f d ivergence in  the IBS gene reqons and transcribed  
spacers
The com para tive  data on the IBS gene reg ion obta ined fro m  th is  study 
c o n tra s t g re a tly  w ith  the com para tive  sequence data on tra nsc rib ed  spacers. As 
discussed in  the  In tro d u c tio n , transcribed  spacer regions show much g rea te r 
in te rspec ies d ivergence than  the  gene coding regions. C om para tive  analysis 
between the  transcribed  spacers o f laev is  and ^  borea lis  showed extensive  
d ivergence between the  tw o  species, w ith  inse rtions  and de le tions p lay ing  a m a jo r 
ro le  in  th e ir  d ivergence (Fu rlong  e t a l., 1983; Furlong  and Maden, 1983). How ever, 
l im ite d  sequence data w ith in  the  ribosom al coding regions suggested th a t  the re  was 
m in im a l d ivergence between these tw o  species. H aving com p le ted  the  18S gene 
sequence fo r  borea lis, we can begin to  q u a n tify  th is  ve ry  g re a t d iffe re n c e  in 
d ivergence ra tes  between the  d if fe re n t reg ions o f the ribosom al tra n s c r ip tio n  u n it.
I t  is re le va n t to  note th a t by com paring the  serum a lbum ins o f  laev is  and 
X  borea lis , the  tim e  o f d ivergence o f these tw o  species has been e s tim a te d  to  be 
10 m illio n  years (Bisbee _et al., 1977). In  th is  tim e , the  IBS rD N A 's  o f these tw o  
species have d iverged a t on ly tw o  po in ts w ith in  the  1826 nuc leo tide  sequence. That 
is, they have d iverged by on ly 0.11%. The degree o f  sequence d ivergence between 
the  transcribed  spacers o f X  laev is  and ^  borea lis  is ve ry  much m ore d i f f ic u l t  to  
q u a n tify , since d ivergence has been so rap id  th a t in  a la rge  p ro p o rtio n  o f these 
reg ions no m easurable degree o f hom ology rem ains, a lthough th e re  are several 
sho rt t ra c ts  o f com p le te  hom ology. Th is extensive  d ivergence in  the  spacer regions 
has e v id e n tly  resu lted  fro m  the cu m u la tive  e f fe c t  o f  many subs titu tion s , inse rtions 
and de le tions. I t  is d i f f ic u l t  to  pu t a f ig u re  on the  ra te  o f d ivergence o f the  
transcribed  spacers. H ow ever, the  data suggest th a t i t  is  orders o f m agnitude 
g re a te r than  th e  ra te  o f d ivergence o f the  IBS gene.
R e la ted ly , these ve ry  d if fe re n t ra tes  o f d ivergence are ev id en t when 
co n fin in g  the  e xam ina tion  to  only one species. The IBS coding reg ions fro m  cloned 
and uncloned m a te r ia l fro m  laev is  show com p le te  hom ology (M aden _et ^ . ,
1982a). • In  co n tra s t to  th is , S te w a rt e t ^ . ,  (1983) showed th a t the  th re e  transcribed  
spacer regions co n ta in  he te rogene ities , in c iud ing  sing le  base changes and leng th  
va rian ts  o f one to  severa l nuc leo tides. These he te rogene ities  m ust have arisen 
fro m  re la t iv e ly  re ce n t m u ta tions w h ich  have not y e t reached f ix a tio n . W ith in  
1,100 nuc leo tides o f  spacer sequence the re  were 20 s ites  a t w h ich  va ria tio n  was 
seen to  occur. A ny tw o  clones could  d if fe r  a t several o f these sites, g iv in g  a 
divergence o f up to  1% between the  transcribed  spacer regions o f in d iv id ua l rD N A  
units. T he re fo re , th e re  is up to  ten  tim es  g re a te r in traspecies v a r ia tio n  w ith in  the 
transcribed  spacers o f X  laevis. than  betw een th e  IBS coding reg ions o f X  laev is  
and X  borea lis  (0.11% ). W ork is being c a rrie d  o u t a t present on the  tra nsc rib ed  
spacers o f X  borea lis  and th e re  is in d ic a tio n  th a t sequence he te ro ge n e ity  does 
ex is t as fo r  X . laev is  (B. E. H. Maden, unpublished results).
Th is ve ry  g reat d iffe re n c e  between the  ra tes  o f d ivergence o f gene coding 
regions and transcribed  spacers does not appear to  be unique to  Xenopus. R ecent 
analysis on the transcribed  spacers o f ra t  and mouse shows extens ive  d ivergence 
betw een the  tw o  species (M ich o t ^  ^ . ,  19B3). In  co n tra s t to  th is , the re c e n tly  
published sequence o f  the IBS gene coding reg ion  o f mouse (R ayna l e t  1984) 
shows only 14 d iffe re n ces  fro m  the corresponding ra t  sequence o f T o rczynsk i e t 
(1983).
Thus, the accum u la ting  sequence data does stress the obvious re q u irem en t to  
conserve ce rta in  regions o f IBS rR N A  fo r  proper fu n c tio n in g  o f the m a tu re  
ribosom e. I t  is dou b tfu l th a t any fu n c tio n  o f the transcribed  spacers in  ribosom e 
m a tu ra tio n  is d ire c t ly  re la te d  to  the nuc leo tide  sequence, a lthough  the  sh o rt tra c ts  
o f hom ology conta ined w ith in  the  spacers m ay have a ro le  to  p lay.
6.2. Human IBS rD N A
The w ork o f th is  p ro je c t has also led  to  the  e lu c id a tio n  o f  the  co m p le te  185 
rD N A  sequence fo r  human. This sequence (shown in  F ig u re  5.22) is 1870
(a) Xenopus and H um an IBS rP N A  base com pos ition  data
Species N o. o f N uc leo tides T A Ç G % G + C
Xenopus 1826 X . laevis 411 433 466 516 53.8
X . borea lis 411 435 46 5 515 53.7
Hum an 1870 401 419 500 550 56.1
(b) 185 rP N A  base change data  fro m  X enopus-------> Human
N um ber o f deletions 0
Num ber o f insertions 44
(A  o r T insertions) 7
(G o r C insertions) 37
Num ber o f  base substitu tions 79
(A  or T) — > (G o r C) 52
(G o r C ) ----- > (A  or T) 19
Table  6.1
nucleo tides long. In  the rem a inder o f th is  C hapte r, I  shall discuss how th is  human 
sequence compares w ith  o th e r 18S data. F irs t,  I  shall make a com parison w ith  the 
o the r species exam ined in  th is  study, th a t Is Xenopus and then  I  sha ll look a t the 
com parison w ith  o the r m am m alian  genes.
6.2.a. Com parison between Hum an and Xenopus 165 rP N A
In  Table  6.1(a), I  have sum m arised the  base com position  data fo r  Xenopus and 
Human 185 rD N A . The human gene is seen to  be 44 nuc leo tides longe r than  the 
Xenopus sequence. The num ber o f A  and T residues is g re a te r in  Xenopus than in  
human, and the num ber o f G and C  residues increases on going fro m  Xenopus to  
human, g iv ing  a d iffe re n ce  in  G + C co n te n t o f ~ 2 .4% . Th is is in  agreem ent w ith  
established know ledge th a t h igher ve rteb ra tes  have an increased G + C  con ten t 
over lo w e r ve rteb ra tes  and o th e r eukaryotes.
In  F igu re  6.2, I  have a ligned the  Xenopus and human 185 sequences and 
ad jacen t spacers to  g ive  the  best f i t  between the tw o . Table 6.1(b) sum m arises the  
d iffe rences . The Xenopus and human 185 sequences d if fe r  in  to ta l le n g th  by 44
nucleo tides (1826 ----- > 1870). This leng th  d iffe re n ce  is accounted fo r  by 44
inse rtions  betw een Xenopus and human. There are no nuc leo tides in  Xenopus w h ich  
are no t p resent in  human. The num ber o f A  o r T  inse rtions  is m uch lo w e r than the  
num ber o f G  o r C  inse rtions  (7 and 37 respec tive ly ), c o n tr ib u tin g  to  the  h ighe r G + 
C  co n te n t o f  human IBS rD N A . A l l  o th e r d iffe rences  take  the  fo rm  o f  base 
su bs titu tions . Betw een borea lis  and human th e re  are 79 such changes. A ga in
th e re  is a p re fe rence  fo r  (A , T )  > (G ,C ) over (G , C )  > (A , T ) (52 and 19
re sp ec tive ly ). One p o in t to  no te , is th a t  the  num ber o f base su b s titu tio n s  betw een 
X . laev is  and human is on ly 77. As discussed in  6 .1 .b ., th e  X  laev is  and X  bo rea lis  
185 genes d if fe r  a t tw o  po in ts , a t  nuc leo tides 679 and 1724 in  th e  Xenopus 
sequence. On a lign ing  the human and Xenopus sequences (F igu re  6.2), a t pos itions  
679 and 1724 (num bering accord ing  to  the Xenopus sequence), the  hum an sequence 
is id e n tic a l to  the >C laev is  sequence (nuc leo tides 714 and 1766 in  th e  human
F igu re  6.2 C om parison o f the 185 rD N A  sequences o f human and
Xenopus
The com p le te  human 185 rD N A  sequence is shown. D iffe re n ce s  in  the X. 
borea lis  and _X laev is  sequences are noted by subscripts. A  dash (-) ind ica tes  a 
de le tio n . Separate num bering is g iven fo r  the  human and Xenopus sequences. A 
sm a ll am ount o f ad jo in ing  ETS and ITS 1 data are also included.
ETS AC QTCQCCCCCT CTACCTTACC -1
X . b .  OT TCCCCCCCCC ACCCOACCCC
X I .  CO CCGOGCCCOG OAAAOGTGGC
'8 S  TACCTGGTTG ATCCTCCCAC TACCATATCC TTOTCTCAAA OATTAAGCCA TCCATGTCTA 60
C O  60
ACTACGCACG GCCGGTACAO TGAAACTGCO AATGOCTCAT TAAATCAOTT ATOOTTCCTT 120120
TGCTCOCTCG CTCCTCTCCC ACtTOCATAA CTGTGOTAAT TCTAOAGCTA ATACATGCCO l8 0  
A -  —  A OTT 177
ACGOGCOCTC ACCCCCTTCC COGOGGGGAI GCOTGCATTT ATCACATCAA AACCAACCCO 21 0  
A   A C T  22 9
CTCAGCCCCT CTCCGOCCCC GGCCGOGGGO COCCCCCCGO CGGCTTTCGT OACTCTAOAT 300
AACCTCCOGC COATCGCACG CCCCCCGTCG CCGCGACGAC CCATTCGAAC OTCTOCCCTA 360
T  -  A T A  C T  325
TCAACTTTCC ATGCTAOTCG CCGTGCCTAC CATGGTCACC ACOGGTOACG GGOAATCAGG 12 0  
C TT  I  C A 385
GTTCOATTCC OGAGAGCGAG CCTOAGAAAC OOCTACCACA TCCAAGGAAG GCAOCAGOCG 18 0
1)15
COCAAATTAC CCACTCCCGA CCCGOGGAGO TAOTOACCAA AAATAACAAT ACAGGACTCT 51 0  
G 50 5
TTCOAGOCCC TGTAATTGCA ATGAGTCCAC TTTAAATCCT TTAACGAGGA TCCATTGGAG 60 0
A T  56 5
GGCAAGTCÎG GTCCCAOCAO CCOCOOTAAT TCCAGCTCCA ATAOCOTATA T IAAACTTCC 6 6 0
625
TCCAGTTAAA AAGCTCGTAG TTOGATCTTG GOAOCOGOCO GGCGCTCCGC CGCGAOGCGA 7 2 0  
X . h .  T A T  A 6 8 5X.l. 0
GCCACCGCCC GTCCCCGCCC CTTGCCTCTC GOCOCCCCCT CCATOCTCTI ACCTGAOTOT 7 8 0  
T  T  A T O  GA 7 1 1
CCCCCGCOCC CCGAAGCGTT TACTTTQAAA AAATTAGAGT GTTCAAAGCA GGCCCQAGCC 61G
C -  C T  80 2
GCCTGOAtAC CGCAGCTAGC AATAATGGAA TAGOACCOCO G TTC TATÎTT OTTGCTTTTC 9 0 0  
TT  TC 86 2
GGAACTGAGG CCATGATTAA GAGGGACGCC CCGQGGCATT CGTATTGGOC CGCTACAGCT 9 6 0  
0  T  9 2 2
GAAATTCTTG GACCGOCOCA AGACGGACCA GAGCGAAAOC ATTTGCCAAC AATGTTTTCA 1020
A A 9 6 2
TTAAICAAG A ACCAAAGTCG GAGGTTCGAA GACGATCAGA TACCCTCGTA GTTCCGACCA 1080
1012
TAAACGATGC CGACCGGCGA TCCCGCCCCG TTATTCCCAT CACCCGCCGG GCAGCTTCCG 1110 
TA C A 1102
GGAAACCAAA CTCTTTCGCT TCCGGCCGGA GTATGCTTGC AAAGCTGAAA CTTAAAGGAA 1200
1162
TTGACGGAAO GGCACCACCA GGAGIGGAGC CTGCGOCTTA ATTTGACTCA ACACOGGAAA 1260
1 22 2
CCTCACCCCG CCCGOACACO OACACGATTG ACAOATTGAT AGCTCTTTCT CGATTCCCTQ 1320 
A T  1282
GOTGOTGGTO CATGCCCGTT CTTAOTTGGÎ GCAGCOATTT GTCTGGTTAA TTCCGATAAC 1380
1312
GAACGAGACT CTCOCATGCT AACTAGTTAC GCGACCCCCC ACCGGTCOGC GTCCCCCAAC 1110
CTC -    1398
TTCTTAOAOG GACAAGTGGC GTTCAOCCAC CCGAGATTGA GCAATAACAG GTCTGTOATO 1500
A C 1158
CCCTTAGATG TCCGGGGCTO CACGCGCGCT ACACTGACTG GCTCAGCGTG TOCCTACCCT 1 56 0
AC A T  1 51 8
ACOCCGGCAO CCGCGGGTAA CCCOTTCAAC CCCATTCGTG ATGGGGATCG GCOATTGCAA 1 62 0
G A T  C G A 1578
TTATTCCCCA TGAACGAGGA ATTCCCAOTA ACTOCGGGTC ATAAGCTTGC CTTGATTAAG 16S0
T  C 1 63 8
TCCCTCCCCT TTGTACACAC CGCCCGTCGC TACTACCGAT TGGATGGTTT AGTGAGGCCC 1710
T  1698
TCGGATCOGC CCCGCCCGGG TCGGCCCACG GCCCTGGGCC GAGCGCTGAG AAGACOOTCO l8 0 0
X . b .  * -  -  C A A 1756
X . l .  c
AACTTOACTA TCTACAGGAA GTAAAAGTCO TAACAAGGTT TCCGTAGGTG AACCTGCGCA i8 6 0
1816
AGCATCATTA 1870
1826
IT S 1  ACCGAOCCCO C I t
X . B .  ACGAGAGAGG G
X . l .  ACGAOACCCC C
sequence). In  to ta l then, the  human and Xenopus sequences show 123 d iffe rences  
(44 inse rtions  and 79 base subs titu tions) w ith in  1870 nuc leo tides. T ha t is a 
d ivergence o f 6.6%. Xenopus and m am m alian  sequences are though t to  have 
d iverged some 300 m illio n  years ago. T here fo re , a d ivergence betw een Xenopus 
and human o f 6.6% is consisten t w ith  the  previous discussion fo r  ^  laev is  and X. 
borea lis, where d ivergence has on ly taken  p lace w ith in  the  la s t 10 m illio n  years 
g iv in g  a sequence d ivergence o f on ly 0.11%.
Where do the 123 d iffe re n ces  l ie  w ith in  the nuc leo tide  sequence? The 
d iffe re n ces  are no t spread evenly th roughou t the m olecu le , bu t are seen to  be 
concen tra ted  in  sp e c ific  areas. W ith in  the 9 nuc leo tide  s tre tc h  encompassing 
nuc leo tides 197-205 (num bering accord ing to  the  human sequence), th e re  is 
com p le te  d ivergence betw een the  tw o  speci.es, com pris ing  1 base su b s titu tio n  and 8 
insertions. A lso, w ith in  th e  35 nuc leo tides (242-276) th e re  a re  25 d iffe re n ces , 
in c lud ing  23 insertions. B o th  o f these regions fa l l  w ith in  va riab le  reg ion  a between 
Xenopus and yeast (nuc leo tides 176-278 in  the  Xenopus sequence, S a lim  and Maden, 
1981). Th is  reg ion  is shown to  have an increased G plus C  co n te n t on going fro m
y e a s t ----- > X e n o p u s  > human. Looking  a t F ig u re  6.2 again, a subs tan tia l
p ro p o rtio n  o f the  d iffe re n ces  between Xenopus and human o ccu r w ith in  nuc leo tides 
690-880 (num bering  accord ing  to  th e  human sequence). Th is  reg ion  con ta ins  
ano the r reg ion  shown to  be va riab le  betw een Xenopus and yeast (v a ria b le  re g ion  b 
(651-761), Salim  and Maden, 1981).
There are several co m p le te ly  conserved reg ions betw een Xenopus and human 
con ta in ing  ~100 nuc leo tides or m ore: 1, nuc leo tides 408-501, 94 nuc leo tides long; 
2, nuc leo tides 594-693, 100 nuc leo tides long; 3, nuc leo tides 992-1094, 103 
nuc leo tides long; 4, nucleo tides 1131-1282, 152 nuc leo tides long. Regions 1 and 2 
correspond to  tra c ts  A  and B shown to  be conserved between yeast, Xenopus and 
ra t (T o rczynsk i e t d . ,  1983). The 3' 70 nuc leo tides are also conserved betw een the 
tw o  species, the la s t 49 o f which correspond to  reg ion  C, again shown to  be 
co m p le te ly  conserved between yeast, Xenopus and ra t (To rczynsk i e t d . ,  1983).
Several o f the d iffe re n ces  between Xenopus and human 18S rD N A  re su lt in  a
change in  re s tr ic t io n  p a tte rn s  betw een the  tw o  species. N uc leo tides  are num bered
accord ing  to  the human sequence. F o r exam ple, a t  pos ition  227, the re  is a C  >
T s u b s titu tio n  fro m  Xenopus to  human. This gives a Sau3A s ite  ( G A fc )  in  the
human sequence. A t  nuc leo tide  502, the re  is a G  > C  su bs titu tion , g iv ing  rise  to
an Smal s ite  (CÔ CG G G ) in  the  human sequence. A t  pos ition  593, th e re  is a T  >
C  su b s titu tio n , g iv in g  a B am H I s ite  in  the  human sequence (G G ATC Ô ). A t  pos ition
785, th e re  is a C  in se rtion  in  the human sequence, re su ltin g  in  the  loss o f an Smal 
0
s ite  (CC CG  GG) p resent in  the  Xenopus sequence. A t  pos ition  1668, a C  > T
su b s titu tio n  resu lts  in  the  presence o f  a H in d lll s ite  (A A G C T 'f)  in  the  human 
sequence. R e s tr ic t io n  analysis o f human 185 rD N A  has shown the  presence o f 
re s tr ic t io n  s ites  fo r  Smal and Bam HI (W ilson e t d . ,  1982).
F o r com pleteness, I  should lik e  to  no te  th a t  on extend ing  th e  com para tive  
analysis between Xenopus and human outside the 185 gene reg ion  to  the ad jo in ing  
ETS and ITS 1 regions, the  l im ite d  am ount o f data ava ilab le  shows a lm ost com p le te  
divergence between the tw o  species on leav ing  the  185 gene. Th is is as expected 
fro m  our previous discussion on the much h igher ra tes  o f d ivergence o f  spacer 
reg ions in  co n tra s t to  gene regions.
6 .2 .b. Com parison o f  human 185 rD N A  w ith  o th e r m am m alian  data
I  shall now go on to  com pare the human 185 rD N A  sequence w ith  o th e r m ore 
c lose ly  re la te d  species. In Table 6.2, I have lis te d  the  d iffe re n ces  betw een human 
and ra t  185 coding regions. I t  is d i f f ic u l t  to  pu t an exac t f ig u re  on th e  num ber o f 
d iffe re n ces  between human and ra t,  as the re  are tw o  published sequences fo r  ra t  
185 rD N A  w h ich  d if fe r  fro m  each o th e r (T o rczynsk i e t d . ,  1983; Chan _et d . ,  1984).
Com paring the human sequence w ith  the  ra t  sequence, as de te rm ine d  by 
T o rczynsk i e t d . ,  (1983), there  are 23 d iffe rences  com pris ing  9 in se rtion s  or 
de le tions and 14 base substitu tions . These changes fa vo u r a s lig h tly  h ighe r G + C 
con ten t in human than  ra t  185 rD N A . 23 d iffe re n ces  between the  tw o  species gives
- IJU -
N U C LEO TID E H U M AN  
(Th is w ork)
RAT 
(T orczynski 
e t a l., 1983)
RAT
(Chan d  d . ,  1984)
D e fin ite
D iffe re n ce s
123 G G
140 C T T s/
196a - C C ✓
198a - C C y/
199a - C c ✓
201 C T T
208 G G A
210 T C c
250 ■ T C c y/
251 C T T y%
252
256
T
G
C c
G
258 C T T V'
270 G T T
278a - C
280a - A
321 C C T
324 c T
407 G A G
720 A A G
721 G G C
722 C T T . ^
725 C C G
730a - • T
736a - « A
743 T T
845 G A G
986 G G A
1095 C T T v/
1228 A A
1295 A A G
1392a - C
1472 C C
1537a » A
1542 C C T
1774 C T T B s tN I s ite
1777 G » G
1778 G _
1784 C C G
1785 G G C
Table  6.2 Base change data between human and ra t  18S rD N A
N ucleotides are num bered according to  the  human sequence.
a d ivergence o f 1.2%. This is cons is ten t w ith  the  c loser re latedness o f human and 
ra t (in  e vo lu tio n a ry  te rm s), as opposed to  human and Xenopus whose 18S gene 
sequences have d iverged by 6.6%.
The tw o  ra t sequences d if fe r  fro m  each o th e r a t 25 s ites. How can we 
account fo r  the  d iffe re n ces  between the  tw o  published ra t sequences? D u rin g  the 
w o rk  ca rrie d  ou t on Xenopus 18S rD N A  In our own la b o ra to ry , the re  was no sign o f 
in traspec ies he te ro ge n e ity  in  the  IBS gene coding regions (Maden e t d . ,  1982a). 
How ever, I cannot ru le  ou t the p o s s ib ility  th a t the re  m ay be some m in im a l 
d ivergence o f  gene coding sequences in  m am m alian  species. O n ly  by ca rry in g  ou t 
m ore sequence analysis on several clones fro m  ind iv idua l species ( fo r  exam ple 
human) w il l  we be able to  answer th is  question. How ever, a t p resen t I  would 
specu la te  th a t  the  m a jo r ity , i f  n o t a il o f the  d iffe re n ces  betw een the  tw o  ra t 
sequences, m ay tu rn  out to  be m in o r sequencing e rro rs  in  one or both sequences. 
By look ing  a t the loca tions  o f some o f the d iffe re n ces  between the  tw o  ra t 
sequences, I  th in k  the  la t te r  suggestion is l ik e ly  to  be co rre c t.
In  sequencing the  3' end o f the  human 185 gene, I had d i f f ic u l ty  in 
de te rm in ing  the  nuc leo tide  sequence in  the  reg ion  1770-1780, w here  a d i f f ic u l t  
com pression and an apparent TT double t could  on ly be c la r if ie d  by re s tr ic t io n  
analysis (discussed in  C hap te r 5, sec tion  5.0). Th is  reg ion was shown to  co n ta in  a 
re s tr ic t io n  s ite  fo r  B s tN I (CCTGG). N e ith e r o f the ra t  sequences co n ta in  a B s tN I 
s ite . B o th  sequences show a TT doub le t, and the  sequence o f T o rczynsk i _et d . ,
(1983) shows on ly 1 G residue. H ow ever, since th is  B s tN I s ite  is shown to  be 
conserved between Xenopus and human, I w ould specu la te  th a t d e te rm in a tio n  o f 
the  r a t  sequence has encountered s im ila r  d if f ic u lt ie s  to  those I  have d e ta ile d  fo r  
the human analysis, and th a t re s tr ic t io n  w ith  B s tN I w ould  show the presence o f th is  
s ite  In ra t  185 rD N A . R e ce n tly  published sequence data fo r  mouse 185 rD N A  
(R ayna l e t d . ,  1984) dem onstrates the  presence o f a B s tN I s ite  a t th is  p os ition  in 
the mouse sequence.
In  sum m ary, I would suggest th a t where the  tw o  r a t  185 sequences agree w ith
each o the r, and the  corresponding s ite  in the  human sequence is d if fe re n t, then 
those are lik e ly  to  be rea l d iffe re n ces  between the  tw o  species. Looking  a t Table
6.2, I w ould say th a t th e re  are p robab ly only as fe w  as 14 rea l d iffe re n ces  between 
human and ra t  18S rD N A . So the tru e  e x te n t o f d ivergence between human and ra t 
185 rD N A  cou ld  be as low  as 0.75%, as opposed to  th e  h igher e s tim a te  o f 1.2%.
The re c e n tly  published mouse IBS sequence (R aynal e t  a l., 1984) conta ins 14 
d iffe re n ces  fro m  the ra t sequence o f T o rczynsk i e t a l., (1983). H ow ever, again 
some o f these are a t s ites where the  tw o  ra t sequences d if fe r .  So, th e  rea l num ber 
o f d iffe re n ces  is probably less than 14. C om p le te  accuracy o f sequence 
d e te rm ina tio n  w il l  be an absolute requ irem en t in  con tinu ing  stud ies on close ly 
re la te d  species, because in  instances where th e re  are expected  to  be on ly  a sm a ll 
num ber o f d iffe re n ces  between the  com p le te  185 genes. In c o rre c t sequence data a t 
on ly one o r a fe w  po in ts  w i l l  y ie ld  q u ite  a m arked d iffe re n c e  fro m  the  tru e  ra te  o f 
d ivergence.
D esp ite  the  s lig h t anom alies betw een the  ra p id ly  accum u la ting  data  fo r  185 
rD N A 's , a ll the  present data  support a com m on a rrangem ent w ith in  IBS rD N A  
s tru c tu re . The h igh ly  va riab le  regions o rig in a lly  id e n tif ie d  between yeast and 
Xenopus (Salim  and Maden, 1981), are shown to  be re ta ine d  on the  add itio n  o f the 
m am m alian data. The corresponding regions in  185 rR N A  s tru c tu re  a re  u n lik e ly  to  
be v ita l fo r  ribosom e fo rm a tio n  and fu n c tio n . The add ition  o f  the  human and 
mouse sequences to  da ta  on the  co m p ara tive  analysis betw een yeast, Xenopus and 
ra t (Torczynski e t  a l., 1983), supports the  id e n t if ic a t io n  o f 3 la rge  tra c ts  w h ich  are 
com p le te ly  conserved among a ll these species (regions. A , B and C  in  T o rczynsk i e t 
^ . ,  1983% C om p le te  conserva tion  o f these regions over a long pe riod  o f 
e vo lu tio n a ry  tim e , s tro ng ly  suggests th e ir  in vo lvem en t in  ribosom e fu n c tio n . 
Embedded w ith in  these tra c ts  are sequences w h ich  are com m on to  both  e u ka ryo tic  
IBS rR N A 's  and p ro k a ry o tic  165 rR N A ’s. So perhaps these reg ions in  185 rR N A  
p lay 8 s im ila r  ro le  in  e u ka ryo tic  ribosom e fu n c tio n , as the  corresponding reg ions o f 
E .co li 168 rR N A  do in  p ro k a ry o tic  ribosom e fun c tio n .
T here fo re , perhaps now we are beginning to  see m ore p rec ise ly  w h ich  regions 
o f IBS rR N A  are im p o rta n t fo r  p roper ribosom e fu n c tio n in g , and i t  w il l  no t be too 
long in  the  fu tu re  be fo re  precise  ro les are assigned to  these sequences.
6.3. Secondary s tru c tu re  m odel fo r  185 rR N A
H ow  do the  accum u la ting  sequence data help to  define  a consensus m odel fo r  
eu ka ryo tic  185 rR N A ? Two new models have re c e n tly  been published : a rev ised 
m odel fo r  X . laev is  18S rR N A  (A tm a d ja  e t a l., 1984) and a m odel fo r  ra t  IBS rR N A  
(Chan e t a l., 1984).
In  th is  p resent study, I have shown th a t th e  human and ra t  185 sequences may 
d if fe r  a t as fe w  as 14 positions. These d iffe re n ces  between the  tw o  species can be 
accom odated q u ite  re a d ily  in  the secondary s tru c tu re  m odel fo r  ra t.  A lm o s t h a lf  
o f  the  d iffe re n ces  occur in  loop s tru c tu re s  and so do no t a ffe c t  the secondary 
s tru c tu re  In any way. O f the  changes th a t occur in  h e lica l regions, on ly  a fe w  a lte r  
a base pa ir. H ow ever, the  genera l s tru c tu re  is id e n tic a l fo r  the  tw o  species. A lso , 
the human sequence shows on ly 121 d iffe re n ces  fro m  the correspond ing laev is  
sequence and so i t  w ould seem reasonable to  expect the  Xenopus and m am m alian  
models to  be ve ry  s im ila r  to  each o the r. H ow ever, severa l areas o f the tw o  present 
models (Xenopus and ra t)  show q u ite  d if fe re n t secondary s tru c tu re  arrangem ents. I 
shall discuss these d iffe re n ces  and suggest, where possible, w h ich  a rrangem ent Is 
l ik e ly  to  be m ore co rre c t.
In  F igu re  6.3(a), I have drawn a d iagram  o f the  A  dom ain o f  laev is  185 
rR N A  ( A tm a d ja ^  a l., 1984). In  F igu re  6.3(b), I have drawn the  com p le te  m ode l fo r  
ra t  183 rR N A  (Chan e t W., 1984). I have not dep icted  dom ain B in  th e  Xenopus 
m odel, since the tw o  models are In ve ry  close agreem ent in  the  a rrangem ent o f  th is  
reg ion. There are some m ino r d iscrepancies over the precise  fo ld in g  o f some 
h e lica l regions, bu t the  ove ra ll s tru c tu re  is ve ry  s im ila r  between the  tw o.
I sha ll concen tra te  the rem a inder o f th is  discussion on dom ain A . F o r ease o f
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F igu re  6.3 Secondary s tru c tu re  models fo r  185 rR N A
(a) shows the A  dom ain o f Xenopus laevis 10S rR N A , accord ing  to  A tm ad ja  
e t a l., (1904).
(b) shows the com ple te  m odel fo r  ra t 105 rR N A , accord ing  to  Chan e t a l., 
(1904).
Lab e lling  o f  regions w ith in  each m odel is explained in the te x t.
of t l l l l i l l »
( b )
N o te ; the separate ha irp in  s tru c tu re  in the cen tre  shows an 
a l t e r n a t iv e  arrangem ent fo r  the  f i r s t  21 residues.
cross-re fe rence  I have labe lled  regions th a t are com m on to  both m odels, accord ing  
to  th e ir  Id e n tif ic a tio n  by A tm a d ja  e t _al., (1964) in  the  Xenopus m odel.
In  the ra t  model, reg ion  a (nuc leo tides 573-597) has not been assigned a 
secondary s tru c tu re . In the  ra t  m odel, a he lix  (W) has been fo rm e d  between 
nuc leo tides 32-38 and 565-572. B y p u llin g  these tw o  regions to g e th e r, he lices 16 
and 18 come in to  close p ro x im ity . Thus, a s tru c tu re  s im ila r  to  he lix  17 in  the 
Xenopus m odel cannot be f i t t e d  in to  the  ra t  m odel. How ever, reg ion  a in  the  ra t 
sequence would a llow  a s im ila r  s tru c tu re  to  th a t fo r  Xenopus a t th is  p o in t, and so I 
would p re d ic t th a t he lix  W is wrong in  the  ra t m odel, and th a t a s tru c tu re  s im ila r  
to  th a t  fo r  Xenopus is c o rre c t.
A  second reg ion o f the ra t sequence has no t been assigned a secondary 
s tru c tu re . Region b (nuc leo tides 680-917) has not been inc luded. Th is reg ion  is 
equ iva len t to  nuc leo tides 642-875 in  the  Xenopus sequence. In  the  Xenopus model 
th is  sequence encompasses s tru c tu re s  20, and 21A -21F . Th is is s t i l l  regarded as a 
te n ta tiv e  a rrangem ent in  th e  Xenopus m odel, how ever base p a irin g  data support 
the  presence o f 21C. (A tm a d ja  e t a l., 1984). I would suggest th a t  som eth ing 
s im ila r  to  th is  s tru c tu re  is fo rm ed  by reg ion  b in  the  ra t  m odel. To accom m odate  
th is , I would say th a t he lix  X  in  the cu rre n t ra t  model has been pa ired  w rong ly .
B o th  models conta in  s im ila r  s tru c tu re s  fo r  regions 22, 23 and 24. H ow ever on 
com ing tow ards th e  end o f dom ain A , th e re  is  a la rge  h e lica l s tru c tu re  in  the  ra t 
model encompassing nuc leo tides 1093-1164. Th is corresponds to  nuc leo tides 1051- 
1122 in  the  Xenopus m odel. In  Xenopus. the re  is a much m ore loose s tru c tu re  
encompassing reg ion 25, and helices 26 and 26A. A tm a d ja  e t a l., (1984) had 
o rig in a lly  expected to  f in d  a s tru c tu re  s im ila r  to  th a t dep ic ted  in  the  ra t  m odel. 
H ow ever, expe rim en ta l data  has shown th e  presence o f base pa ired  fragm en ts  
w h ich  fo rm  he lix  26A. A tm a d ja  e t a l., (1984) looked a t th is  reg ion  in  close d e ta il 
and have id e n tif ie d  a possible p hy logene tica lly  conserved "s w itc h " reg ion  between 
E. co ll 165 and euka ryo tic  185 rR N A . I f  th is  hypothesis is c o rre c t, I  w ou ld  suggest 
th a t  he lix  26A is also present in  the  ra t  m odel. This then leads in to  h e lix  27 w h ich
is conserved in  both  m odels, and then  in to  dom ain B.
The g re a te s t s tru c tu ra l d iffe rences  between the ' Xenopus and ra t  models 
occur w ith in  the  5 ' 400 o r so nuc leo tides. S ta rtin g  a t the 5 ' end, the Xenopus m odel
shows he lix  1, fo rm ed  betw een residues 3-21. The ra t  m odel shows th is  as an
a lte rn a tiv e  s tru c tu re . H e lices  2 and 3 are conserved. H aving  discussed p rev ious ly  
th a t he lix  W is In c o rre c t in  the  ra t m odel, reg ion  4 in  the  Xenopus model w i l l  be 
common to  both . H e lix  5 is conserved betw een the  tw o  models.
A f te r  th is  p o in t, the  tw o  models d if fe r  q u ite  m arked ly . In  the ra t m odel
the re  is a very loose reg ion  encompasing nuc leo tides 54-95, excep t fo r  the  sm a ll 
h e lica l reg ion equ iva len t to  6A in  the  Xenopus m odel. H ow ever, in  the Xenopus 
m odel, nucleo tides 78-81 are base pa ired  w ith  85-88 to  g ive  h e lix  6, and also 
nucleo tides 56-59 are lin ke d  to  nucleo tides 92-96. The ra t sequence does have the 
p o te n tia l to  fo rm  a s im ila r  s tru c tu re . F rom  th is  alone, I cannot make any 
pre fe rence  between e ith e r m odel. H ow ever, I shall re tu rn  to  th is  po in t.
Opposite to  th is  reg ion , h e lix  14 is id e n tic a l in  both m odels. H e lix  13 is also 
present in  bo th , a lthough th e re  are some discrepancies betw een how these 
nuc leo tides are pa ired. In  the Xenopus m odel, he lices  13 and 12 are separa ted by a 
sho rt t ra c t  encompassing nuc leo tides 397-400, and he lix  12 s ta r ts  w ith  th e  p a irin g  
o f G396 w ith  C374. H ow ever, in  th e  ra t  m odel, th e  m uch looser s tru c tu re  in  reg ion  
54-95 (excep t fo r  h e lix  6 A , discussed p rev ious ly ), a llow s the  p a irin g  o f nuc leo tides 
96-98 w ith  435-437 (96-98 and 397-399 in  the Xenopus sequence). By p u llin g  over 
nuc leo tides 96-98, reg ion  Y  in  the  ra t m odel can be fo rm e d . This gives a long 
in te rru p te d  h e lic a l reg ion betw een nucleo tides 106-129 and nuc leo tides 341-358 
(equ iva len t to  106-129 and 303-320 in  the  Xenopus m odel). Thus, these tw o  regions 
are b rought much c loser tog e the r in the ra t m odel, and a m uch m ore ordered 
s tru c tu re  resu lts , as opposed to  a ra th e r "open" arrangem ent in  the  Xenopus m odel. 
In  F igu re  6.4, I have drawn ou t th is  reg ion  Y  fo r  both ra t and Xenopus. F igu re  6.4 
shows th a t the  5 base subs titu tions  between the  tw o  species in  th is  reg ion  are 
re a d ily  accom m odated in  th is  proposed a rrangem ent o f  secondary s tru c tu re . There
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F igure  6.4 Secondary s tru c tu re  model ; reg ion Y
The le f t  hand f ig u re  shows reg ion V  in  the ra t model o f Chan e t a l.,
(1984). In the r ig h t hand f ig u re  the  corresponding regions o f  Xenopus IBS 
rR N A  have been drawn in  the same a rrangem ent. Base changes between 
the  tw o  species are boxed in  the  Xenopus model.
are no d iffe re n ces  between ra t  and human 18S rR N A  in  th is  reg ion . I w ould suggest 
th a t the  fo rm a tio n  o f th is  reg ion  Y  in  th e  ra t  m odel is a m uch b e tte r  a rrangem ent 
than the  corresponding Xenopus m odel. R e la ted ly , the  a rrangm ent o f nucleo tides 
54-95 m ust be as dep ic ted  in  the ra t m odel to  enable reg ion  Y  to  fo rm .
The fo rm a tio n  o f reg ion  Y  w il l  lead to  the  loss o f he lix  7 in  the  Xenopus 
m odel. H e lix  8 is present in  both . As a consequence o f  the  loss o f he lix  7, th e re  is 
the  in tro d u c tio n  o f h e lix  Z. Th is he lix  w i l l  be va riab le  in leng th , to  accom m odate 
va riab le  reg ion  -'195 -205 , where the re  is a GC r ic h  in se rtion  in  m am m als. H e lix  
l l A  is common to  both  models. A ga in , th is  he lix  is va riab le  in  s ize to  
accom m odate th e  la rge  num ber o f GC inse rtions  in  reg ion  240-280. H e lix  l l B  is a 
fe a tu re  common to  both  models. This then leads back in to  reg ion  Y,
By com paring the secondary s tru c tu re  models fo r  Xenopus and ra t  18S 
rR N A 's , I hope to  have been able to  define  the  s tru c tu re  o f a m odel th a t can 
accom m odate both species, and h ope fu lly  be re p re sen ta tive  o f a w ide range o f 
e u ka ryo tic  18S rR N A 's.
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